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1.0  INTRODUCTION 

Unidirectional  fiber  reinforced  composites  have  a  very  low  transverse  tensile 
strength.  This  strength,  in  general,  is  much  lower  than  the  strength  of  the  pure  matrix 
and  limits  the  performance  of  the  composite  system.  The  transverse  tensile  strength 
of  a  composite  is  dependent  upon  the  fiber-matrix  interfacial  bonding  strength,  matrix 
strength,  transverse  fiber  strength  and  stiffness  ratio  between  fiber  and  matrix,  etc. 
Material  defects  such  as  voids  in  the  matrix,  broken  fibers,  microcracks  and  fiber- 
matrix  disbonds  will  degrade  the  transverse  tensile  strength  of  composite  materials. 
Conventional  analysis  methods  (refs.  1-3),  which  treat  the  fiber  and  matrix  as  two 
phase,  homogeneous  and  isotropic  materials,  provide  ways  to  predict  the  transverse 
tensile  strength  of  the  composite,  but  the  correlation  between  these  analytical  results 
and  test  results  is  not  satisfactory. 

Recently,  several  researchers  (refs.  4,  5)  have  suggested  that  the  volume  of 
matrix  material  immediately  surrounding  the  fiber  is  significantly  different  from  the 
bulk  matrix.  This  volume  of  material  is  commonly  referred  to  as  the  interphase.  It  is 
believed  that  the  interphase,  though  small  in  thickness,  has  significant  effect  on  the 
strength  and  fracture  toughness  of  the  composite.  To  verify  this  concept,  these 
authors  (ref.  6)  have  developed  micromechanical  models  which  treat  the  fiber  rein¬ 
forced  composite  as  a  three-phase  material,  namely,  fiber,  interphase  and  bulk 
matrix.  Through  the  analysis  of  the  microdebonding  problem,  it  has  been  shown  that 
the  model  including  an  interphase  between  fiber  and  matrix  provides  a  much  better 
prediction  of  debonding  loads  than  the  model  without  the  interphase. 

The  purpose  of  this  study  is  to  determine  the  effect  of  the  fiber-matrix  interphase 
on  the  transverse  tensile  strength  of  the  composite.  Since  the  transverse  tensile 
strength  is  very  low,  there  is  a  potential  for  engineering  material  improvements  based 
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upon  a  better  understanding  of  the  transverse  failure  mechanics,  so  that  higher 
composite  transverse  tensile  strength  can  be  obtained. 

This  report  is  divided  into  four  parts.  Part  1  describes  the  effect  of  interphase  on 
the  transverse  tensile  strength  of  the  composite  without  defects.  Part  2  describes  the 
effect  of  thermal  residual  stresses  on  the  transverse  tensile  strength  of  the  composite. 
Part  3  describes  the  transverse  tensile  strength  of  the  composite  with  initial  flaw.  Part 
4  provides  guidelines  and  design  charts  of  interphase  properties  and  thickness  for 
improving  the  transverse  tensile  strength  of  a  unidirectional  composite. 
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2.0  EFFECT  OF  FIBER  MATRIX  INTERPHASE  ON  THE  TRANSVERSE 
TENSILE  STRENGTH  OF  ORGANIC  COMPOSITE  MATERIALS  WITHOUT 
INITIAL  DEFECTS  AND  WITHOUT  INCLUDING  THE  THERMAL 

RESIDUAL  STRESSES 


2.1  METHOD  OF  ANALYSIS 


The  composite  material  is  assumed  to  consist  of  a  square  array  of  unidirectionally 
elastic  circular  filaments  in  an  infinite  elastic  matrix  as  shown  in  figure  1 .  This  simple 
packing  geometry  has  been  known  to  give  satisfactory  results  (ref.  7).  The  filaments 
are  assumed  to  be  perfectly  bonded  to  the  matrix.  By  assuming  a  square  packing 
arrangement,  a  repeating  unit  can  be  isolated,  as  indicated  by  the  solid  lines  a-a-a-a 
shown  in  figure  1 .  For  a  composite  subjected  to  a  remotely  applied  average  tensile 
stress  in  the  x  direction,  <jj  ,  the  conditions  of  symmetry  require  that  boundary  lines 
of  this  repeating  unit  in  the  deformed  composite  remain  parallel  to  the  corresponding 
lines  of  the  undeformed  material,  i.e.,  as  shown  in  figure  1 ,  line  a’  -  a’  is  parallel  to  the 
corresponding  boundary  line  a  -  a.  This  implies  that  the  gross  strains  over  the  length 
2L  in  directions  x  and  z  remain  constant. 


■^j^'^exdx  =  Ej  =  constant  (at  any  z) 


(1) 


=  Ez  =  constant  (at  any  x) 


(2) 


Also,  at  any  section  across  the  element  2L  the  conditions  of  force  equilibrium  require 


that 


(3) 

(4) 
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Having  established  the  assumptions  of  square  packing,  gross  strain  and  stress 
conditions,  the  physical  problem  can  be  formulated  as  follows 

2.1.1  ONE-DIMENSIONAL  PREDICTION  METHODOLOGY 

The  repeating  unit  to  be  modeled  which  includes  the  interphase  is  shown  in  figure 
2.  The  basic  concept  for  the  one-dimensional  model  is  shown  in  figure  3.  The  material 
response  to  the  external  transverse  tensile  stress,  cjj,  can  be  approximated  by  the 
response  of  a  one-dimensional  series  spring  system. 

In  the  region  consisting  of  fiber,  interphase  and  matrix,  there  will  be  three  distinct 
stiffnesses  corresponding  to  each  constituent.  In  the  region  consisting  of  interphase 
and  matrix,  there  will  be  two  distinct  stiffnesses  corresponding  to  interphase  and 
matrix.  At  the  region,  Z  >R  +  ti,  there  will  be  only  one  stiffness,  namely,  stiffness  of 
matrix.  From  the  basic  concept,  we  can  conclude  that 

=  =  0<Z<fl 

o-„,=CT,=<T^  R<Z<R  +  tt 

where  a,,  a,,  =  stress  in  the  fiber,  interphase  and  matrix  respectively 

=  local  stress 

Based  on  this  concept,  the  local  stress  at  three  regions  can  be  derived  as  follows: 
(1)  0<Z<R 

This  region  includes  three  phases,  namely,  fiber,  matrix  and  interphase.  The  total 
displacement,  as  shown  in  figures  2  and  3,  at  x  =  L,  can  be  written  as 

U  =  e,AB  +  £,BC  +  £r„'^  (6) 
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where 

Ef  =  strain  in  the  fiber 
Ej  =  Strain  in  the  interphase 
E„  =  strain  in  the  matrix 

Divide  both  sides  of  equation  (6)  by  L  We  have 


E^  =  £,k,  +  e^k^  +  eJ^-k,-k,) 


(7) 


From  the  assumption  of  square  packing  array,  it  can  be  proved  that 


K 

k. 

km 

V, 


K 


'^1 


V2 


r 


volume  fraction  of  the  fiber 


V2' 

.R)  _ 

> 

From  the  stress-strain  relationship,  we  have 


(8) 


(9) 


Substituting  equation  (9)  into  (7)  and  making  use  of  equation  (5),  the  local  stress,  , 
in  this  region  can  be  expressed  as  follows 


a^=ET 


1 


kf  ,  k,  ,  {^-kf-k,) 

T-  +  T-H - r - 


(10) 
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(2)  R<Z<R  +  t,- 

This  region  includes  matrix  and  interphase.  The  total  displacement,  as  shown  in 
figure  2,  contributed  from  these  constituents  can  be  written  as  follows 


U  =  £^EF  +  £^FG  (11) 

Divide  both  sides  of  equation  (1 1)  by  L,  we  have 

£T=£iki  +  eJ-\-k;)  (12) 


where 


k,  = 


\  7C  j 


(13) 


By  this  same  token,  the  local  stress,  ,  in  this  region  can  be  written  as  follows 

1 


=  £ 


(14) 


(3)  R  +  t;<Z<1 


This  region  consists  of  matrix  material  only.  By  the  same  token,  the  local  stress,  , 
in  the  region  can  be  expressed  as 


1 


If  £j  is  known,  then  the  local  stress,  <7^,  can  be  obtained  from  equations  (10),  (14) 
and  (15)  for  the  corresponding  region. 


In  the  case  where  only  the  applied  transverse  tensile  stress,  Gj,  is  known,  then 
equation  (3)  will  be  used  to  obtain  the  local  stress. 


Employing  equation  (3),  the  local  stress,  Oj,  can  be  expressed  as  follows 
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aL=(JT 


K  f 


1 


0<Z<R 


(Jl=(Tt 


^E  ^ 


1 


Ej  [l-/f,(1-EJE,)] 


R<Z<R  +  t: 


GL=aT 


(E  1 
\^T  J 


R  +  ti<Z<L 


where 


Ej  _  2  j  _ dz _ 


_ dz _ 

[^-{■\-EJE,)k] 


^L-iR  +  t,) 


Equation  (19)  can  be  solved  through  numerical  integration 
Define 

S.C.F.  =  stress  concentration  factor  = 


(16) 


(17) 


(18) 


(19) 


(20) 


Making  use  of  equations  (16)  through  (20),  we  can  obtain  S.C.F.  at  any  location  in  the 
composite  material. 


2.1.2  TWO  DIMENSIONAL  MODEL 

The  basic  concept,  which  was  originated  from  reference  2,  will  be  adopted  in  this 
paper  as  shown  in  figure  4.  The  solution  procedure  can  be  divided  into  two  parts.  One 
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is  to  solve  the  two-dimensional  plane  strain  problem  with  U  =  AU at  x  =  ±L,  and 

V  =  0,  atZ  =  ±L,  the  other  is  to  solve  the  two-dimensional  plane  strain  problem  with 

V  =  AV at  Z  =  ±L,  L/  =  0.0  at  X  =  ±L.  The  final  solution  will  be  the  linear  combination 
of  these  two  solutions  so  that  equations  (3)  and  (4)  will  be  met.  The  detailed 
derivation  is  in  Appendix  A. 

Only  one  quadrant  of  the  circular  fiber  cross  section  and  the  surrounding  inter¬ 
phase  and  matrix  material  needs  be  analyzed  due  to  symmetry.  The  finite  element 
model  used  in  this  study  is  shown  in  figure  5.  The  mesh  refinement  at  the  fiber-matrix 
interfacial  region  is  evident.  The  ‘ABAQUS’  computer  code  was  used  to  solve  this 
two-dimensional  plane  strain  problem. 

2.2  VALIDATION  OF  ANALYTICAL  METHODS 

In  this  analysis,  it  is  assumed  that  an  individual  point  failure  immediately  causes 
failure  of  the  whole  material.  We  recognize  that,  depending  upon  the  failure  locations 
and  the  properties  of  the  constituents,  this  assumption  may  not  be  true.  Yet  the 
presence  of  an  individual  point  failure  suggests  failure  of  the  whole  material  and 
provides  a  conservative  prediction.  Maximum  normal  stress  failure  criterion  will  be 
used  to  determine  the  failure  of  the  individual  point  in  the  material.  According  to  this 
criterion,  fracture  is  assumed  to  have  occurred  if  any  one  of  the  three  principal 
stresses  at  this  individual  point  reach  the  ultimate  strength  of  the  corresponding 
constituent. 

2.2.1  VALIDATION  OF  ONE-DIMENSIONAL  MODEL 

The  comparison  between  the  theoretical  and  experimental  transverse  stress 
distribution  is  shown  in  figure  6.  The  test-theory  correlation  for  the  maximum  stress 
concentration  is  shown  in  figure  7. 
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The  test  data  (ref.  1 )  were  obtained  from  transverse  tensile  loading  tests  on  plates 
containing  aluminum  inclusions  imbedded  in  epoxy  resin.  As  shown  in  figure  6,  one¬ 
dimensional  theory  provides  accurate  predictions  as  compared  with  test  data. 

Figure  7  shows  the  maximum  transverse  tensile  stress,  which  occurs  at  Z  =  0.0 
as  a  function  of  the  volume  fraction  of  the  fiber.  Again,  it  can  be  seen  that  one 
dimensional  theory  provides  very  good  correlations. 

Another  example  to  verify  the  accuracy  of  the  one-dimensional  theory  is  shown  in 
figure  8.  The  test  data  were  obtained  from  reference  9.  The  correlation  between 
analytical  results  and  test  results  is  reasonably  good.  Since  most  test  data  is  above 
the  curve  with  E^/E^  =1.0,  this  may  suggest  that  the  composite  possesses  the 
interphase  and  the  interphase  is  a  soft  interphase. 

2.2.2  VALIDATION  OF  TWO-DIMENSIONAL  MODEL 

The  same  composite  as  shown  in  figures  6  and  7  is  modeled.  The  comparison 
between  the  theoretical  and  experimental  transverse  stress  distribution  is  shown  in 
figures  9  and  1 0.  The  test-theory  correlations  for  the  maximum  transverse  stress  is 
shown  in  figure  1 1 .  Again,  as  shown  in  figures  9  and  1 0,  both  two  dimensional  models 
predict  good  results  as  compared  with  the  test  data.  Figure  11  shows  that  one 
dimensional  model  suprisedly  predicts  better  results  than  that  of  two  dimensional 
models. 

2.2.3  COMPARISON  OF  ONE-DIMENSIONAL  AND  TWO-DIMENSIONAL  RESULTS 

Table  I  shows  the  stress  concentration  factor  of  the  composite,  with  E,/E^  =  21 .3 , 
V,  =0.65,  f,/R  =  .015.  The  agreement  between  one-dimensional  model  and  two- 
dimensional  model  is  excellent. 
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From  the  above  comparisons,  we  conclude  that  the  one-dimensional  model  is 
accurate  enough  to  be  used  to  predict  the  local  stress  of  the  composite  under 
transverse  loading.  Also,  the  one-dimensional  model  can  be  used  as  a  first  approxi¬ 
mation  to  estimate  the  interphase  modulus  and  thickness.  By  using  an  iteration 
scheme  and  two-dimensional  analysis,  accurate  interphase  modulus  and  thickness 
estimates  of  the  composite  can  be  obtained. 

2.3  APPLICATIONS 

The  one-dimensional  model  has  been  verified  in  the  previous  section  as  an 
adequate  model  to  predict  the  local  stress  of  the  composite.  Unless  otherwise  noted, 
the  following  analyses  are  based  on  one-dimensional  theory. 

Effect  of  Interphase  Moduli  and  Thickness  on  Stress  Concentration  Factors 
of  the  Composite 

Equation  (16)  was  used  to  calculate  the  stress  concentration  factor  at  Z  =  0,  for 
various  E^fEi  and  tjjR.  Figures  12  and  13  show  the  results.  Certain  conclusions  can 
be  drawn:  (1)  with  fixed  tJR  the  softer  the  interphase,  the  lower  the  stress  concen¬ 
tration  factor,  (2)  with  softer  interphase  and  fixed,  the  larger  the  interphase 

thickness  the  lower  the  stress  concentration  factor.  For  stiffer  interphase  (i.e., 
^ml^i  ^1-0),  the  smaller  the  interphase  thickness,  the  less  the  stress  concentration 
factor. 

2.3.1  Effect  of  Ef/E^  and  E^/E,  on  the  Maximum  Stress  Concentration  Factor 
of  the  Composite 

From  figure  14,  one  can  see  that  the  higher  the  E,/E„,  the  larger  the  stress 
concentration  for  all  kinds  of  interphases.  But,  the  degree  of  influence  is  decreased  as 
the  interphase  becomes  softer. 
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2.3.2  The  Shift  of  the  Critical  Location  and  the  Optimal  Interphase  (or  Coating) 

Equations  (16),  (18)  and  (19)  were  used  to  calculate  the  stress  concentration 
factors  at  Z  =  0.0  and  R  +  f,<Z<L,  the  results  are  shown  in  figure  15.  0  =  0° 
represents  the  line  Z  =  0,  while  6  =  90°  represents  line  X  =  0.0  and  f?  +  f,  <  Z  <  L.  As 
one  can  see  from  this  figure,  curve  (S.C.F.)g^o.  and  (S.C.F.)g^9o.  intersect  at 
BJE,=(£JEXand 

(S.C.F.)..^  >  (S.C.F.),.„. ,  for  EjE.  <  (EJE,l 

(S.C.F.),.,.  <  (S.C.F.),.,,. ,  for  E„/E,  >  (E„/E,)^ 

Also,  the  two-dimensional  analysis  shows  that  for  E^jE^  occurs  at 

“b"  as  shown  in  figure  16,  from  equations  (16)  and  (18),  {E^jEX  can  be  expressed 
as  follows 

(EJE,)^=1.0  +  [l-(EJE,)]/(f,/f?)  (21) 

Two-dimensional  analysis  had  been  performed  and  confirmed  the  transition  of  the 
critical  location.  From  equation  (21),  one  can  conclude  that  (1)  failure  will  occur  at 
0  =  0°,  if  E^/E,  <E,;,,  (2)  for  E^/E,  >(E^/E,)^  failure  will  occur  at  0  =  90°  and 
Z  =  f?  +  f,,  (3)  for  E^/E,  =(E^/E,)^,  failure  will  occur  at  0  =  0°  and  90°  simulta¬ 
neously.  Figure  16  shows  the  critical  stress  concentration  factors  at  these  three 

regions.  It  is  evident  that  E^/E,  =  is  the  optimal  interphase  modulus  to 

ensure  the  least  stress  concentration  factor.  Figure  17  shows  curves  of  critical  stress 
concentration  factor  for  various  interphase  thicknesses.  Curve  abed  constitutes  the 
optimal  interphase  for  the  composite  with  fiber  volume  fraction  equal  to  .65  and 
E^/E^  =  25.0 .  For  varying  fiber  volume  fraction,  the  curves  for  optimal  interphase  are 
shown  in  figure  18.  These  curves  can  be  used  to  design  the  interphase  or  coating  to 
obtain  the  maximum  transverse  tensile  strength  of  the  composite.  Figure  19  shows 
how  the  interphase  affects  the  transverse  tensile  strength  as  compared  with  the 


11 


N  AWCADWAR-9301 6-60 


transverse  tensile  strength  of  the  composite  without  interphase  for  various  fiber 
volume  fractions.  It  can  be  seen  that  the  transverse  tensile  strength,  for  the  composite 
with  =  21.3  and  f,//?  =  .0286,  can  be  increased  as  much  as  43%,  38%  and 
34%  for  Vf  =  .65 ,  .57  and  .502  respectively.  Notice  that  the  above  results  are  based 
on  the  assumption  that  the  strength  in  matrix,  interphase  and  interface  is  the  same. 

2.3.3  Effect  of  Interphase  Properties  on  the  Transverse  Failure  Modes  of  the  Composite 

One-dimensional  models  can  not  detect  the  location  of  failure  because  the  local 
transverse  tensile  stress  is  assumed  to  be  the  same  in  the  fiber,  interphase  and 
matrix  at  constant  Z  and  any  X  as  expressed  in  equation  (5).  For  this  purpose,  the 
two-dimensional  model  must  be  used.  Figure  20  shows  the  stress  distribution  in  the 
interphase  and  matrix  at  Z  =  0  as  a  function  of  interphase  modulus.  As  shown  in  this 
figure,  the  assumption  that  the  stress  at  the  matrix  and  interphase  is  equal  for  one¬ 
dimensional  theory  is  approximately  correct.  Also,  for  1.0  <  E„,/E,  <  5.0,  the  local 
transverse  tensile  stress  in  the  matrix  is  higher  than  in  the  interphase.  Thus,  in  this 
range,  matrix  cracking  is  the  failure  mode.  For  5.0  <  E^fEi ,  the  stress  in  the  inter¬ 
phase  or  interface  is  higher  than  the  stress  in  the  matrix.  Thus,  in  this  range,  failure 
will  occur  either  in  the  interphase  or  at  the  interface.  Based  on  this  idea,  one  can 
obtain  the  critical  stress  concentration  factor  and  failure  mode  of  the  composite  as  a 
function  of  interphase  modulus  and  thickness  as  shown  in  figures  21  and  22. 

Notice  that  the  above  results  are  based  on  the  assumption  that  the  strength  in 
matrix,  interphase  and  interface  is  the  same.  If  the  tensile  strength  of  the  matrix  and 
interphase  (or  coating),  and  the  disbonding  strength  of  the  interface  are  known,  then 
similar  design  curves  as  shown  in  figures  21  and  22  can  also  be  produced  to 
determine  the  transverse  tensile  strength  and  the  failure  mode  as  the  function  of 
interphase  modulus  and  thickness. 
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2.4  CONCLUSIONS 

Interphase  thickness  and  modulus  have  significant  influence  on  the  transverse 
tensile  strength  of  unidirectional  fiber  reinforced  composites.  A  soft  interphase  is 
shown  to  reduce  the  stress  concentration  factor,  hence  increasing  the  transverse 
tensile  strength  of  the  composite.  In  order  to  increase  transverse  tensile  strength  of  a 
composite,  the  interphase  modulus  should  be  decreased  and/or  the  thickness  of  the 
interphase  should  be  increased.  The  location  for  maximum  stress  concentration 
factor  varies  with  interphase  modulus  and  thickness,  hence  the  mode  and  location  of 
failures  may  be  changed  by  changing  these  parameters. 
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3.0  EFFECT  OF  THERMAL  RESIDUAL  STRESSES  ON  THE  TRANSVERSE 
TENSILE  STRENGTH  OF  ORGANIC  COMPOSITE  MATERIALS 

In  this  section,  the  effect  of  thermal  residual  stresses  on  the  transverse  tensile 
strength  of  organic  composite  materials  is  studied.  The  analytical  method  developed 
in  this  study  can  be  applied  to  any  other  composite  system  as  long  as  thermal  loading 
is  in  elastic  range. 

3.1  MICROMECHANICAL  MODEL  FOR  THERMAL  RESIDUAL  STRESS  ANALYSIS 

Two  dimensional  finite  element  model,  as  shown  in  figure  5,  was  used  to  deter¬ 
mine  the  thermal  residual  stresses  with  the  plane  strain  condition  being  assumed.  As 
shown  in  figure  23  the  solution  procedure  can  be  divided  into  three  parts.  First  is  to 
solve  the  two  dimensional  plane  strain  problem  with  U  =  AU  at  X  =  ±L,  and  W=  0.0 
at  z  =  ±Lj,  second  is  to  solve  the  two  dimensional  plane  strain  problem  with  W  =  AW 
at  z  =  ±L,  and  L/=  0.0  at  z  =  ±L,  and  the  third  is  to  solve  the  thermal  stress  problem 
with  fixed  boundary  condition  and  uniform  AT  imposed  on  fiber,  matrix  and  inter¬ 
phase.  The  final  solution  will  be  linear  combination  of  these  three  solutions  so  that  the 
force  boundary  conditions  are  met.  The  detailed  solution  procedure  is  described  in 
Appendix  B.  Again,  the  “ABAQUS”  Computer  Code  was  used  to  solve  this  thermal 
residual  stress  problem. 

3.2  VALIDATION  OF  THERMAL  RESIDUAL  STRESS  ANALYSIS 

Thermal  residual  stress  solutions  obtained  through  finite  element  analysis  have 
been  compared  with  finite  difference  solution  {ref.  2)  for  three  fiber  volume  fractions, 
Vp  =  .5,  .57  and  .65,  as  shown  in  figure  24.  The  correlation  between  these  two 
methods  is  in  good  agreement. 
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3.3  RESULTS  OF  THERMAL  STRESS  ANALYSIS 

3.3.1  THERMAL  STRESS  DISTRIBUTION  AROUND  THE  CIRCUMFERENTIAL 
DIRECTION 

Figure  25  shows  the  thermal  residual  stress  distribution  around  the  circumferential 
direction.  As  can  be  seen  in  the  figure,  the  axial  stress  and  tangential  stress  are 
always  tensile,  while  the  radial  stress  in  most  part  is  under  compression.  The  shear 
residual  stress  exists  but  is  not  as  significant  as  normal  stresses.  Since  the  radial 
residual  stress  at  6  =  0°  is  under  compression  with  maximum  value,  it  seems  that 
thermal  residual  stress  may  increase  the  transverse  tensile  strength  of  the  composite, 
but  this  is  not  so  as  will  be  seen  in  later  discussions.  Also,  since  the  magnitudes  of 
axial  and  tangential  residual  stresses  on  large,  these  stresses  may  cause  initial  crack 
even  before  any  loading  is  applied. 

3.3.2  EFFECT  OF  INTERPHASE  PROPERTIES  ON  THERMAL  RESIDUAL 
STRESSES  OF  THE  COMPOSITE 

Figure  26  shows  the  transverse  residual  stresses  at  0  =  0’  (i.e.,  at  location  ‘a’)  and 
0  =  90°  (i.e.,  at  location  ‘b’)  as  function  of  interphase  properties,  including  the  effect  of 
thermal  expansion  coefficients.  It  can  be  seen  that  the  softer  the  interphase  elastic 
property,  the  higher  the  tensile  transverse  residual  stress  at  ‘b’  and  the  lower  the 
compressive  transverse  residual  stress  at  ‘a’.  Also  as  can  be  seen  from  this  figure,  both 
transverse  thermal  residual  stresses  at  ‘a’  and  ‘b’  do  not  vary  much  as  E^/Ej  >10.0. 

If  thermal  expansion  coefficient  of  interphase  is  less  than  the  thermal  expansion 
coefficient  of  matrix,  there  is  not  much  difference  in  thermal  residual  stresses  be¬ 
tween  these  two  cases,  on  the  other  hand,  if  the  thermal  expansion  coefficient  of 
interphase  is  greater  than  that  of  matrix,  the  thermal  residual  stresses  are  vastly 
reduced.  This  suggests  that  if  the  reduction  of  the  thermal  residual  stresses  is 
desired,  an  interphase  with  high  thermal  expansion  coefficient  should  be  selected. 
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3.4  DETERMINATION  OF  THE  TRANSVERSE  TENSILE  STRENGTH  AND 
FAILURE  LOCATION  OF  THE  COMPOSITE  INCLUDING  THE  EFFECT 
OF  THE  THERMAL  RESIDUAL  STRESSES. 

The  failure  of  the  composite  under  transverse  loading  is  directly  related  to  inter¬ 
phase  properties,  matrix  strength,  fiber-matrix  interface  strength  and  interphase 
strength,  and  relative  stiffness  ratio  between  fiber  and  matrix.  Hence,  the  failure  can 
occur  at  the  matrix,  or  fiber-matrix  interface,  or  interphase. 

Let  be  the  matrix  tensile  strength,  0,^  be  either  interphase  strength  or 

interface  bonding  strength,  (t°  and  af  be  the  thermal  residual  stresses  at  matrix  and 
interface  (or  interphase)  respectively,  based  on  point  failure  criterion,  following  failure 
equations  are  obtained. 

If  the  failure  occurs  at  matrix,  the  failure  equation  can  be  expressed  as  follows: 

^mu^K^Gj+G°  (22) 

Rearrange  equation  (22),  we  have 

(23) 


where 


Gj  =  transverse  tensile  stress  of  the  composite  which  causes  failure  at 
matrix 

=  stress  concentration  factor  at  matrix 

Equation  23  will  be  used  to  determine  the  external  transverse  loading  which 
causes  failure  at  matrix. 
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We  next  consider  the  case  that  the  failure  occurs  at  interface  or  interphase  region, 
the  failure  equation  can  be  expressed  as  the  following 

(7r=K-(T°)/K',  (24) 

where 

k,  =  stress  concentration  factor  at  interface  or  interphase 

a'j  =  transverse  tensile  stress  of  the  composite  which  causes  failure  at 
interface  or  interphase 

Equation  24  will  be  used  to  determine  the  external  transverse  loading  which 
causes  failure  either  at  fiber-matrix  interface  or  interphase. 

The  transverse  tensile  strength  of  the  composite  will  be  determined  as  the  least  of 
(jj  and  (j't  at  all  critical  locations. 

From  figure  25,  since  hoop  thermal  residual  stress  is  always  tensile,  from  equation 
(23)  and  (24),  it  is  very  likely  that  the  failure  may  occur  at  location  other  than  0  =  0”. 
If  this  is  the  case,  then  the  higher  the  thermal  residual  stress,  the  lower  the  transverse 
tensile  strength.  As  shown  in  the  next  section,  these  situations  occur  for  composites 
with  low  interfacial  and  matrix  strength. 

3.4.1  FAILURE  LOCATIONS  FOR  COMPOSITES  SUBJECTED  TO 
TRANSVERSE  TENSILE  LOAD 

If  we  assume  that  the  fiber-matrix  interface  bonding  strength  is  equal  to  the  matrix 
strength,  figure  27(a)  and  (b)  show  the  possible  failure  locations  for  a  composite 
subjected  to  transverse  tensile  load.  If  thermal  residual  stresses  do  not  exist  in  a 
composite,  figure  27(a)  shows  that  the  failure  locations  will  be  either  at  6  =  0°  and 
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r  >  r, ,  as  long  as  (£„/£,)<  (EJE,)^  or  at  6  =  90'  and  r  =  r,  +  t,  for  (£„/£,)>  (£„/£,)„ 

However,  if  thermal  residual  stresses  do  exist  in  a  composite,  then  failure  will 
occur  at  places  other  than  those  shown  in  figure  27(a). 

Figure  27(b)  shows  the  potential  failure  locations  for  a  composite  with  thermal 
residual  stresses.  Figure  28  shows  the  effect  of  matrix  strength  and  interfacial 
strength  on  the  transverse  tensile  strength  and  failure  locations  of  composites.  As  we 

can  see  in  the  figure,  for  this  special  composite,  when  less  than  1 3  KS-,,  the  failure 
occurs  at  point  “1”  to  point  “4”  depending  upon  the  value  of  rr  .  Thus,  for  lower 
interfacial  strength,  the  failure,  in  general  will  occur  at  (T  =  45°,  while  for  >  15/CS,, 
the  failure  location  will  shift  to  point  “5”  of  matrix. 

Also,  from  this  study,  if  (E^/E,)  >10.0,  the  failure  will  always  occur  at  0  =  90°  and 
r  =  Tf+ti,  i.e.  point  “6”,  as  shown  in  figure  27(b). 

3.5  COMPARISON  OF  THEORY  WITH  AVAILABLE  EXPERIMENTAL  DATA  FOR 

A  UNIDIRECTIONAL  COMPOSITE 

Not  too  many  test  data  are  available  for  a  composite  subjected  to  transverse 
tensile  loading.  Test  data  from  reference  10  will  be  used  to  validate  prediction 
methodologies. 

So  far,  two  prediction  methodologies  have  been  developed.  The  first  prediction 
method,  developed  at  section  2,  doesn’t  include  the  effect  of  thermal  residual  stresses 
(i.e.,  AT  =  0.0),  while  the  second  prediction  method  which  developed  at  section  3.4, 
does  include  thermal  residual  stresses.  Comparison  will  be  made  to  evaluate  which 
prediction  methodology  is  more  accurate  to  predict  the  transverse  tensile  strength  of 
organic  composite  materials. 
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Figure  29  shows  the  analytical  results  of  these  two  prediction  methodologies  as 
compared  with  test  results.  As  we  can  see  from  the  figure,  the  prediction  method 
without  including  thermal  residual  stresses  (i.e.,  AT  =  0.0)  provides  better  results 
than  the  method  that  includes  the  effect  of  thermal  residual  stresses  especially  for 
composites  with  high  fiber  volume  fraction  (i.e.,  Vp  >.55). 

From  a  realistic  point  of  view,  this  phenomena  may  be  possible,  because  all  resin 
matrix  materials  exhibit  viscoelastic  or  time-dependent,  effects,  a  significant  portion 
of  the  thermal  residual  stresses  can  be  assumed  to  dissipate  through  stress  relax¬ 
ation.  Additionally,  the  thermal  residual  stresses  may  be  reduced  through  the  intro¬ 
duction  of  transverse  matrix  microcracking. 


3.6  CONCLUSIONS 

•  Significant  thermal  residual  stresses  can  be  developed  in  composites  during 
cooldown  from  curing  temperature.  In  general,  the  tangential  and  axial  residual 
stresses  are  in  tension,  while  the  radial  residual  stress  is  in  compression  in  most 
parts  of  the  region. 

•  The  soft  interphase  increases  the  tangential  residual  stress  and  yet  it  reduces 
the  radial  residual  stress.  Depending  upon  the  interphase  properties,  matrix 
strength,  interface  strength,  and  temperature  drop,  failure  locations  can  be 
changed  from  one  location  to  another  location. 

•  Correlation  with  limited  available  experimental  test  data  indicates  that  the 
prediction  methodology  that  does  not  include  the  effects  of  thermal  residual 
stresses  provides  better  results  than  the  methodology  that  includes  the  effects 
of  these  stresses. 
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•  The  development  of  thermal  residual  stresses  upon  cooling  has  been  shown  to 
degrade  the  transverse  tensile  strength  of  the  composite  with  low  interfacial  and 
matrix  strength. 
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4.0  EFFECT  OF  FIBER-MATRIX  INTERPHASE  ON  THE  TRANSVERSE 
TENSILE  STRENGTH  OF  ORGANIC  COMPOSITE  WITH  INITIAL  FLAW 

From  previous  studies,  the  high  stress  concentration  areas  are  shown  in  figure  30. 
High  stress  concentration  will  occur  at  ‘a’  or  ‘b’  as  long  as  while  for 

[E^fEi)  >  high  stress  concentration  will  occur  at  ‘c’.  These  three  areas  will 

constitute  candidate  locations  for  initial  crack. 

In  this  study,  only  the  case  for  initial  flaw  at  location  ‘a’  will  be  investigated.  Figure 
31  illustrates  the  problem  to  be  studied. 

4.1  METHOD  OF  ANALYSIS 

From  reference  10,  the  Mode  I  stress  intensity  factor  can  be  written  as  follows 
K,  =  j_"  CT,  (/,  z)  Vif  dz  (25) 

where 


a  =  half  initial  flaw  length 
Y  =  correction  factor  for  a  finite  width  plate 

cr^(/,z)  =  local  transverse  stress  on  the  prospective  initial  crack  with  the 
crack  absent  for  a  composite  subjected  to  transverse  external  load,  Cj, 
as  shown  in  figure  32. 

Assuming  K';  is  the  Mode  I  critical  stress  intensity  factor  of  the  matrix  resin,  from 
equation  (25)  we  have 

=  f*CT,(/,z)V^a(z  (26) 
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Denote  stress  concentration  factor  as  K^,  then 

(J,{I,z)  =  Ks{z)(7t  (27) 

where  Oj  =  external  transverse  tensile  load 


Substituting  equation  (27)  into  equation  (26),  we  have 


K 


(28) 


substituting  equation  (27)  into  equation  (26),  we  have  the  transverse  tensile  strength 
of  a  composite  with  initial  center  flaw 


_ 


(29) 


To  investigate  the  influence  of  the  interphase  on  the  transverse  tensile  strength  of 
a  composite  with  initial  flaw,  let  cft  represent  the  transverse  tensile  strength  for  a 
composite  with  interphase,  while  cft  represents  the  transverse  tensile  strength 
without  interphase.  Also,  let  Ks  and  Ks  represent  the  local  transverse  stress  concen¬ 
tration  factors  for  composites  with  interphase  and  without  interphase  respectively, 
then  by  using  equation  (29),  we  have 

JJ/C.(z)V^c/z  (30) 

Equation  (31)  represents  the  ratio  of  the  transverse  tensile  strength  of  a  compos¬ 
ite  with  interphase  with  respect  to  a  composite  without  interphase. 

Equations  (28)  and  (30)  can  be  evaluated  by  numerical  integration  through  one 
dimensional  or  two  dimensional  model. 
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4.1.1  ONE  DIMENSIONAL  MODEL 

From  section  2,  the  stress  concentration  factor  can  be  expressed  as  follows: 
For  a  composite  with  an  interphase: 


For  0  <  Z  <  f? 


For  R  <  Z  <  R  +  tj 


For  a  composite  without  interphase: 


Ks{z)  = 


_ 1 _ 


1 


0<Z<R 


R<z<^ 


(34) 
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where  Et  and  Ex  =  Global  transverse  stiffness  of  composites  with  and  without  inter¬ 
phase  respectively. 

Substituting  equation  (19)  and  equations  (32)  through  (34)  into  equations  (28) 
through  (30),  K,,  Gj  and  gt/ot  can  be  obtained  by  numerical  integrations. 


4.1.2  TWO  DIMENSIONAL  MODEL 


Appendix  A  shows  how  local  stresses  of  composites  can  be  obtained  by  finite 
element  analysis  method. 

Let  cr,(/,z)  be  the  local  transverse  stresses  for  a  composite  subjected  to  a  unit 
external  transverse  load,  then  the  Mode  I  stress  intensity  factor,  k,,  for  Gj  =^.0  can 
be  written  as  follows 


(35) 


Since  the  crack  is  on  the  boundary  line  at  x  =  l ,  can  be  calculated  as 

\V2 


k,  = 


4^ 


IF, 


a  +  Z: 


/=1 


a-z, 


(36) 


ij 


where  Fj  =  boundary  nodal  force  in  transverse  direction  at  z,  when  a  composite 
subjected  to  external  transverse  tensile  load  equal  to  Gj,  the  total  Mode  I  stress 
intensity  factor  can  be  written  as  follows 


Ki=Gjk, 


(37) 


The  fracture  criterion  for  a  composite  with  initial  flaws  will  be 


K?  = 


G^k, 


(38) 
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By  using  same  concept  as  described  in  section  4.1.1,  the  influence  of  interphase 
on  transverse  tensile  strength  for  a  composite  with  initial  flaw  can  be  written  as 
follows 


(39) 


where  gt 


ot-  =  transverse  tensile  strength  for  a  composite  with  and  without  inter¬ 
phase  respectively 


ki ,  ki  =  Mode  I  stress  intensity  factor  under  unit  external  load  for  a  compos¬ 
ite  with  and  without  interphase  respectively 


4.2  VALIDATION  AND  ANALYTICAL  RESULTS 

4.2.1  COMPARISON  OF  ONE  DIMENSIONAL  AND  TWO  DIMENSIONAL  MODELS 

Transverse  tensile  strength  ratio  for  composites  with  and  without  interphase  for 
various  initial  size  have  been  calculated  by  using  one  dimensional  model  and  the  two 
dimensional  model  as  described  in  section  4.1.1  and  4.1.2.  Figure  32  shows  the 
comparison  of  results  from  one  dimensional  analysis  and  two  dimensional  analysis. 
The  correlation  between  these  two  methods  is  excellent  as  can  be  seen  from  the 
figure.  Due  to  the  simplicity  and  accuracy  of  one  dimensional  model,  it  is  recom¬ 
mended  to  be  used  for  design  analysis  of  composite  with  initial  flaws. 

4.2.2  ANALYTICAL  RESULTS 

Mode  I  stress  intensity  factors  for  Oj  =^.0  N/^nf  for  composites  with  interphase 
and  without  interphase  are  shown  in  figure  34  and  figure  35.  From  these  figures  it  can 
be  seen  that  Mode  I  stress  intensity  increases  as  initial  flaw  size  increases,  this 
means  that  the  stability  of  the  propagation  of  the  initial  flaw  which  located  at  the 
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center  of  matrix  between  two  fibers  is  unstable.  The  initial  flaw  will  grow  into  failure  or 
arrested  depending  upon  geometric  and  stiffness  properties  of  fiber,  matrix  and 
interphase.  Also  from  figure  36,  one  can  see  that  soft  interphase  improves  the 
transverse  tensile  strength  of  the  composite  greatly  if  the  fiber  volume  fraction  is  large 
and  initial  flaw  size  is  small.  For  composites  with  high  fiber  volume  fraction,  the 
interphase  has  little  influence  on  the  transverse  tensile  strength  of  composites  when 
the  initial  flaw  is  as  large  as  fiber  radius. 

Figure  37  shows  that  for  a  composite  with  lesser  transverse  stiffness  ratio  be¬ 
tween  fiber  and  matrix,  the  interphase  also  improves  the  transverse  tensile  strength 
of  the  composite  but  with  lesser  degree  of  increase. 

Figures  38  and  39  show  the  influence  of  interphase  on  the  transverse  tensile 
strength  of  composites  with  various  initial  flaw  sizes.  It  can  be  seen  that  for  fiber 
volume  fraction  equal  to  .4  or  less,  the  sizes  of  initial  flaw  have  insignificant  effect  on 
transverse  tensile  strength  of  composites. 

4.3  CONCLUSIONS 

•  The  stability  of  the  propagation  of  the  initial  flaw  which  is  located  at  the  middle 
of  the  matrix  between  two  fibers  is  unstable. 

•  The  soft  interphase  improves  the  transverse  tensile  strength  of  composites, 
especially  when  flaw  size  is  small  and  fiber  volume  fraction  is  large.  For 
composites  with  smaller  fiber  volume  fraction  (i.e.,  Vp<  .4),  the  influence  of  flaw 
size  on  the  transverse  tensile  strength  is  insignificant. 
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5.0  GUIDELINES  FOR  THE  IMPROVEMENT  OF  THE  TRANSVERSE  TENSILE 
STRENGTH  OF  ORGANIC  COMPOSITES 

In  the  section,  guidelines  to  improve  the  transverse  tensile  strength  of  organic 
composites  through  tailoring  interphase  properties  and  thickness  will  be  provided. 
From  conclusions  of  section  3.0,  the  thermal  residual  stresses  are  not  included  in  the 
guidelines.  Only  guidelines  for  interphase  properties  of  composites  without  initial  flaw 
will  be  considered  in  this  study. 

From  equation  (16),  the  maximum  local  transverse  tensile  stress  for  a  composite 
with  interphase  can  be  written  as  follows 


(e  ^ 

For  — 

[EcJ 


:  (JL  =  (yT 


Er)[uK,{UEJE,)-Ki{l-EJE^)]  (40) 


Kf  =  Kf  = 


—  ,  /\  /  -  —  —  ,  —  _  — 
\  7t  j  \  n  J  R  I  y  Tc 


where 


(41) 


^  =  _ 


I  dz _  _ dz _  , 


(42) 


For  0  <  Z  <  F? 


K,=j 


1-lf 


V2 


.  k;  = 


rzv 


iV2  r 


R) 


\R) 


-'f 


V2 


(43) 


For  R<Z  <R  +  t: 


[rj 


21  V2 


(44) 
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=  1,0  +  {l-(E„/E,)}/(f,/R) 


Assume  (Jq  is  the  failure  stress  either  at  matrix  or  at  fiber-matrix  interface,  then  the 
transverse  tensile  strength  of  the  composite  can  be  written  as  follows 


-c  f  E 


\  r  _  _  _  f  F  ^  f  F  W 

-  C7j{\-K(-Ki)  +  Kf  ^  +Ki  ^  \ 

mj  [  J  j] 


For  a  composite  without  interphase,  the  transverse  tensile  strength  can  be  written 


as  follows 


=c  Et]  /  —  \  —  [E 

I  I 


where 


7^  _  I  _l  _ oz _ 

e„‘|7Jo[i-k-;(i-e„/e,)] 


The  influence  of  interphase  properties  and  thickness  on  the  transverse  tensile 
strength  of  composites  can  be  expressed  as  follows 


\^t  J  K^c  J 


'tr 


(1-K,) 


Equation  (49)  is  used  to  provide  design  charts  for  interphase  tailoring  to  obtain 
desired  transverse  tensile  strength  for  . 


The  maximum  local  transverse  stress  will  occur  6  =  90°  and  r  =  1=1/  + 1,. 
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Gl=Gt 


(E  \ 


The  transverse  tensile  strength  of  the  composite  will  be 


CTf  =  (70 


J 


From  equation  (47)  and  (51)  we  have 


Gt 

KOT  J 


^Er_ 


J 


E, 


(50) 


(51) 


(52) 


Equation  (52)  is  used  to  provide  design  charts  for  interphase  tailoring  to  obtain 
desired  transverse  tensile  strength  for 

Typical  design  charts  based  on  equation  (49)  and  equation  (52)  are  shown  in 
figures  40  through  42.  All  the  design  charts  are  shown  in  Appendix  C  for  reference. 

To  apply  these  design  charts,  composite  designers  should  know  in  advance  how 
much  percentage  of  strength  improvement  is  required,  then  use  these  charts  to 
determine  feasible  and  adequate  interphase  property  and  thickness  to  meet  the 

requirement.  Also,  the  designer  should  know  that  for  (%■)  <  ,  the  failure  occurs  at 

0  =  0°  and  R  <  r  <  R  +  tj,  while  for  (•^)>(^)^^,  the  failure  occurs  at  0  =  90°  and 
r  =  f?  +  f,. 
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6.0  CONCLUSIONS 

•  To  increase  transverse  tensile  strength  of  a  composite,  the  interphase  modulus 
should  be  decreased  and/or  the  interphase  thickness  should  be  increased. 

•  The  mode  and  location  of  failures  may  be  changed  by  changing  the  interphase 
modulus  and  thickness. 

•  Correlation  with  limited  available  experimental  test  data  indicates  that  the 
prediction  methodology  that  does  not  include  the  effects  of  thermal  residual 
stresses  provides  better  results  than  the  methodology  that  includes  the  effects 
of  these  stresses. 

•  In  order  to  improve  the  transverse  tensile  strength  of  the  composite,  guidelines 
for  the  selection  of  appropriate  interphase  properties  were  developed  and 
design  charts  were  provided. 
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TABLE  I.  COMPARISON  OF  1-D  AND  2-D  ANALYTICAL  RESULTS 

E,/E,=21.3,  Vp=0.65,  f,/R  =  .015 
S.C.F 


METH0[N^ 

1.0 

10.0 

15.0 

20.0 

30.0, 

40.0 

50.0 

1-D 

1.905 

1.651 

1.582 

1.531 

1.460 

1.410 

1.371 

2-D 

2.019 

1.716 

1.643 

1.592 

1.519 

1.459 

1.412 

1-D/2-D 

.944 

.962 

.963 

.962 

.961 

.966 

.971 
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Figure  1.  Fiber  Packing  Geometries. 


a  a 


Figure  2.  One-Dimensional  Model  for  the  Composite  Under  Transverse  Tensile  Loading. 
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Figure  4.  Basic  Concept  for  Two-Dimensional  Model. 
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Figure  5.  Two-Dimensional  Finite  Element  Model. 


A/fp 

£,  =  1 0.0  X 1 0^psi,  V,  =  0.31, V;  =  .0502 
E„  =  .047  X 1 0^psi,  =  0.36 


THEORY 

-  WITHOUT  INTERPHASE 

- TEST  DATA 


Figure  6.  Transverse  Tensile  Stress  Distribution  Along  X  =  L;  Test  vs.  One-Dimensional  Theory. 
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Figure  10.  Transverse  Tensile  Stress  Distribution  Theory  vs.  Test  Vp  =  .65. 
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Figure  12.  Effect  of  Interphase  Moduli  and  Thickness  on  S.C.F.  of  the  Composite 
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Figure  15.  The  Shift  of  the  Critical  Location. 


Figure  16.  Critical  Stress  Concentration  Factors  as  Functions  of  Interphase  Moduli. 
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Figure  17.  Critical  Stress  Concentration  Factors  as  Functions  of  Interphase  Moduli  and  Thickness. 


E,/E^  =  25.0 


Figure  18.  Design  Curves  for  Optimal  Interphase  Modulus  and  Thickness. 
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Figure  19.  Effect  of  Interphase  Moduli  on  the  Transverse  Tensile  Strength  of  Composite  Material. 


=  0.502  ,  E,IE^  =21.3,  tJR  =  0.0286 


Figure  20.  Stress  Distribution  in  the  Interphase  and  Matrix  at  Z=  0.0, 
as  Function  of  Interphase  Moduli. 
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E,IE„  =21.3,  I/;.  =  .65  ,  tj/fl  =  0.0286 

3.0 

2.5 

2.0 

S.C.F. 

1.5 

2.0 

0.5 

1.0  2.0  5.0  10.0  34.3  100.0 

EJE, 

Figure  21 .  Design  Curve  for  Transverse  Tensile  Failure  of  the  Composite  Material. 


.015  .030  .045 

t,./R 

Figure  22.  Effect  of  Interphase  Modulus  and  Thickness  on  the  Transverse  Failure  Mode 

of  the  Composite. 
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Figure  30.  Candidate  locations  for  Initial  Flaws. 
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Figure  32.  Mode  I  Stress  Intensity  Factor  for  a  Composite  with  Initial  Flaw. 
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Figure  38.  Influence  of  Interphase  on  the  Transverse  Tensile  Strength  of  Composites 

with  Various  Initial  Flaw  Sizes. 
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Figure  39.  Influence  of  Interphase  on  the  Transverse  Tensile  Strength  of  Composites 

with  Various  Initial  Flaw  Sizes. 
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TRANSVERSE  TENSILE  STRENGTH  RATIO 
E,/E,=25  \/,=.5 


-  t|  /  R  =  0.0 

H - 1 - h  t|/R  =  .01 

-ei^— *  tj/R_  02 

0—0—0  t|/R  =  .03 

H - 1 - 1-  tj/R  =  .04 

^  ^  tj  /  R  =  .05 

.  ti  /  R  =  .06 


ti  /  R  =  .07 


100.00 


EJE, 


Figure  40.  Design  Charts  of  Interphase  Properties  and  Thickness  for  Composites  with 

Ef/ Em  =  25  and  Vf=0.5. 
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100.00 


Figure  41 .  Design  Charts  of  Interphase  Properties  and  Thickness  for  Composites  with 

Ef/ Em  =25.0  and  Vf=  0.55. 
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TRANSVERSE  TENSILE  STRENGTH  RATIO 

E,/E,=25  ^=.65 


-  tj  /  R  =  0.0 

H - 1 - h  tj/R  =  .01 

-Hs  tj/R  =  .02 
O— ■O— -O  tj/R  =  .03 

H - 1 - h  ti/R  =  .04 

H*-  — tj  /  R  =  .05 


Figure  42.  Design  Charts  of  Interphase  Properties  and  Thickness  for  Composites  with 

Ef/ Err,  =  25.0  and  Vf=  0.65. 
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APPENDIX  A 

TWO  DIMENSIONAL  FINITE  ELEMENT  MODEL  FOR  A  UNIDIRECTIONAL 
COMPOSITE  SUBJECT  TO  TRANSVERSE  NORMAL  LOADING 

As  shown  in  figure  4,  two  separate  boundary-value  problems  must  be  solved  in 
order  to  determine  the  local  stresses  of  a  unidirectional  composite  subject  to  trans¬ 
verse  loading. 

PROBLEM  1 


=  0  along  all  four  square  boundaries 


u  =  Q 


along  ^  =  0 


a  =  i/  =  1.0  along  x  =  l 


v  =  0 


along  both  z  =  0  and  z  =  / 


PROBLEM  2 


Same  as  problem  1  except: 


u  =  0 


along  x  =  l 


v  =  V  =  1.0  along  z  =  l 


Let  the  stresses  solution  corresponding  to  problem  1  and  2  be  alj  and  <T-f ,  then 
from  equation  (3)  and  (4)  of  section  2,  we  have 

« dz  +  ;3  J '  o-f  dz  =  {2L)<yj 
aj  dx  +  dx  =  0 


(A-1) 

(A-2) 
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Let 


1 


1 


— (1) 

(Jx  =  average  normal  stress  along  x  =  l  for  problem  1 


average  normal  stress  along  x  =  l  for  problem  2 


2L- 


1  f  (2)  ,  —(2) 

^ '  ox  =  ct^  =  average  normal  stress  along  z  =  /  for  problem  2 


~  ~  average  normal  stress  along  z  =  /  for  problem  1 


Equation  (A-1 )  and  (A-2)  can  be  rewritten  as  follows 


—(1)  ,  o— (2) 

aox  +p<Jx  =Oj 


(A-3) 

(A-4) 


Solve  for  a  and  b  from  equations  (A-3)  and  (A-4),  we  have 


a  = 


-(2) 
CTz  Of 


— (1)  -(2)  —(2)  — (1) 

Ox  Oz  ~  Ox  Oz 


—(1) 

-  Oz  Or 


-d)  —(2)  —(2)  -(1) 

Ox  Oz  “  Ox  Oz 


The  final  stress  state  can  be  expressed  as 


Oij=ao^^]+Po]) 


(A-5) 


A-2 
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APPENDIX  B 

TWO  DIMENSIONAL  THERMAL  RESIDUAL  STRESS  ANALYSIS 

Using  the  same  concept  as  Appendix  A,  the  two  dimensional  thermal  stress 
analysis  can  be  divided  into  solving  three  problems: 

PROBLEM  1 

Same  boundary  conditions  as  Problem  1  of  Appendix  A. 

PROBLEM  2 

Same  boundary  conditions  as  Problem  2  of  Appendix  A. 

PROBLEM  3 

u  =  0.0  along  x  =  0,l 
u  =  0.0  along  z  =  0,l 
T  =  -AT 

where  AT  =  temperature  drop  from  curing  temperature  to  stress  free 
temperature 

Again,  let  the  stress  solutions  corresponding  to  problem  1 ,  2,  and  3  be 
(j]J,  af-  and  <j]f  then  according  to  equation  (3)  and  (4)  of  section  2,  we  have 

Atx  =  l 

aj  dz  +  pj^^  crjf  ’  dz  +  j''^  dz  =  0  (B-1 ) 
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Atz  =  / 

a  dx  +  cjf  ’  dz  +  J  <7^  ’  dx  =  0.0  (B-2) 

Solving  equation  (B-1)  and  (B-2)  for  a  and  p,  the  final  state  of  thermal  residual 
stresses  can  be  expressed  as  follows 


(Jij  +  aa'i'l+Pa'if+alf 


(B-3) 
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APPENDIX  C 

DESIGN  CHARTS  OF  INTERPHASE  PROPERTIES  AND  THICKNESS  FOR 
IMPROVING  THE  TRANSVERSE  TENSILE  STRENGTH  OF  UNIDIRECTIONAL 

COMPOSITE  MATERIALS 

In  this  Appendix,  design  charts  and  corresponding  design  tables  are  listed  from 
page  C-1  to  page  C-181 .  The  contents  are  summarized  in  Table  C-1.  As  can  be 
seen  from  this  table,  fiber  volume  fraction  is  ranged  from  0.4  to  .7.  Two  kinds  of 
charts  are  provided.  One  is  transverse  tensile  strength  ratio  (i.e.,  TTSR)  versus 

(E^/E,)  ,  the  other  is  transverse  tensile  tensile  strength  versus  (f,//?).  Both  charts 
can  be  used  by  design  engineers  for  their  own  convenience.  Tables  which  produce 
design  charts  are  also  provided  for  reference. 
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TABLE  C-1.  TABLE  OF  CONTENTS  OF  INTERPHASE  DESIGN  CHARTS  AND  DESIGN  TABLES 
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TRANSVERSE  TENSILE  STRENGTH  RATIO 
Ef/Em  =  10.  Vf  =  .4 


Ern/B=l 

EhVB=5 

EhVB*=1D 

Em/B=2a 

Em/Ei=3Q 

Ern/E=50 

Ern/Ei=75 

Em/E=1D0 


ao 


0.1000 


riTrm 


03000 


ti/R 


C-1 
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transverse  tensile  strength  ratio 

Ef/Em  =5.  Vf  =  .4 


Em/0=1 

Em/Ej=5 

Em/E:=10 

— r 

_ 

EnVEi=30 

Em/E!=50 

EhVB=75 

Ehri/Ei=10' 

I 

i 

“T 

* 

_ 

.... 

ti/R 
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TRANSVERSE  TENSILE  STRENGTH  RATIO  . . ^ 

Q — 0 

Ef/Em  =  20.  Vf  =  A  H - 1 - H 

* - *■ - ■»(: 


tl/R 


Em/B=1 

Em/Ei=5 

Em/B=10 

Bm/B=20 

Em/B=30 

Em/B=50 

Em/B=75 

Em/B=1CX) 
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TRANSVERSE  TENSILE  STRENGTH  RATIO 
Ef/Em  =  25.  Vf  =  .4 


EnVB=1 


H - 1 - 1-  Em/B=5 

* - * . *  Em/E=1D 

0. — 0 - Q  0Tr^=2O 


Ern/E=75 


ao 


0.1000 


02000 


02000 


ti/R 
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.transverse  tensile 

Ef/Em  =  30. 


STRENGTH  RATIO 
Vf  =  .4 


-  EnVB=1 

H - h- 

- 1-  Em/E:=5 

*• 

■ — * . 

-St: 

Em/B=1D 

EnVE=20 

EjT\/Ei=30 

— t;r*“ 

“T 

Ejm/E=75 

ti/R 
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transverse  tensile  strength  ratio 

Ef/Em  =  50.  Vf  =  .4 


-  Em/B=1 

H - 1 - 1-  Em/E=5 

* . * . *  Em/E=^D 

Q. — 0. — Q  Em/E=20 

H - 1 - 1-  Ejna/E-30 

*■ - ■»!<■ - -4  Em/B=50 

. . . -  EhVe=75 


ti/R 
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tratout  Fri  Dec  18  14:02:32  1992  1 

RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 


Ef 

/  Em  = 

5.0 

Vf  =  0 

.40 

max 

ti/R  =  0, 

,401 

TRANSVERSE 

TENSILE 

STRENGTH 

RATIO 

1  1 

Em 

/  Ei 

Iti/R  1 

1.0 

5.0 

10.0 

20.0 

30.0 

50.0 

75.0 

100.0 

10.0001 

1.00 

1.00 

1.00 

1.00 

1.00 

0.99 

0.99 

0 . 98 

10.0081 

1.00 

1.01 

1.01 

1.03 

1.05 

1.09 

1.15 

1 .20 

10.0101 

1.00 

1.01 

1.02 

1.04 

1.07 

1.12 

1.19 

1 .11 

10.0111 

1.00 

1.01 

1.02 

1.05 

1.07 

1.13 

1.21 

1.07 

10.0161 

1.00 

1.01 

1.03 

1.07 

1.12 

1.21 

1.02 

0. 91 

10.0201 

1.00 

1.02 

1.04 

1.09 

1.15 

1.11 

0.94 

0 . 83 

10.0281 

1.00 

1.02 

1.06 

1.13 

1.20 

0.97 

0.82 

0.73 

10.0301 

1.00 

1.03 

1.06 

1.14 

1.17 

0.94 

0.79 

0.71 

1  C  .  O-SO  1 

1.00 

1.04 

1.09 

1.19 

1.03 

0.83 

0.71 

0.64 

10.0421 

1.00 

1.04 

1.09 

1.20 

1.01 

0.81 

0.69 

0.62 

1  0.050 1 

1.00 

1.04 

1.11 

1.12 

0.94 

0.76 

0.65 

0.59 

10.0601 

1.00 

1.05 

1.13 

1.04 

0.87 

0.70 

0.60 

0.55 

10. 0701 

1.00 

1.06 

1.15 

0.97 

0.81 

0.66 

0.57 

0.52 

10.0801 

1.00 

1.07 

1.17 

0.91 

0.76 

0.62 

0.54 

0.50 

10.0891 

1.00 

1 . 08 

1.19 

0.87 

0.73 

0.60 

0.52 

0.49 

10.0901 

1 . 00 

1.08 

1.19 

0.86 

0.72 

0.59 

0.52 

0.48 

1  0.100 1 

i.OO 

1.09 

1.13 

0.82 

0.69 

0.57 

C.50 

0.47 

10.1501 

1.00 

1.13 

0.94 

0.67 

0.57 

0.48 

0.43 

0 . 41 

10.2001 

1.00 

1.17 

0.81 

0.58 

0.49 

0.42 

0.38 

0.36 

10.2001 

1.00 

1.17 

0.81 

0.58 

0.49 

0.42 

0.38 

0 .36 

10.3001 

i .  00 

0.95 

0.63 

0.45 

0.39 

0.34 

0.31 

0.30 

Iti/R  1 

1  cr  i 

0.200 

0.089 

0.042 

0.028 

0.016 

0.011 

0.008  1 
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tratout  Fri  Dec  18  14:02:40  1992  1 

RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 


Ef  /  Em  =  10 

0 

Vf  =  0 

TRANSVERSE 

40 

TENSILE 

max 

STRENGTH 

ti/R  =  0 

RATIO 

401 

1  1 
Iti/R  1 

1.0 

5.0 

10.0 

Em 

20.0 

/  Ei 
30.0 

50.0 

75.0 

100.0 

10.0001 

1.00 

1.00 

1.00 

1.00 

0.99 

0.99 

0.98 

0.98 

10.0091 

1.00 

1.01 

1.02 

1.05 

1.08 

1.14 

1.21 

1.28 

10.0101 

1.00 

1.01 

1.03 

1.06 

1.09 

1.15 

1.23 

1.23 

10.0121 

1.00 

1.01 

1.03 

1.07 

1.11 

1.18 

1.28 

1.13 

10.0181 

1.00 

1.02 

1.05 

1.11 

1.17 

1.28 

1.07 

0.94 

10.0201 

1.00 

1.02 

1.06 

1.12 

1.18 

1.23 

1.03 

0.91 

10.0301 

1.00 

1 . 04 

1.08 

1.18 

1.27 

1.03 

0.86 

0.77 

10.0311 

1.00 

1.04 

1.09 

1.18 

1.28 

1 . 02 

0.85 

0.76 

10.0401 

1.00 

1.05 

1.11 

1.23 

1.14 

0. 91 

0.77 

0.69 

10.0471 

1.00 

1.06 

1.13 

1.28 

1.06 

0.84 

0.72 

0.65 

10.0501 

1.00 

1.06 

1.14 

1.25 

1.03 

0.82 

0.70 

0.63 

10.0601 

1.00 

1.07 

1.17 

1.15 

0.95 

0.76 

0.65 

0. 60 

10.0701 

1.00 

1.09 

1.19 

1.07 

0.88 

0.71 

0.62 

0.57 

10.0801 

1.00 

1.10 

1.22 

1.00 

0.83 

0.67 

0.59 

0.54 

10.0901 

1.00 

1.11 

1.24 

0.95 

0.79 

0.64 

0.56 

0.52 

10.1001 

1.00 

1.12 

1.26 

0.90 

0.75 

0.61 

0.54 

0.50 

10.1001 

1.00 

1.12 

1.26 

0.90 

0.75 

0.61 

0.54 

0.50 

10.1501 

1.00 

1.17 

1.04 

0.73 

0.62 

0.52 

0.47 

0.44 

10.2001 

1.00 

1.21 

0.89 

0.63 

0.53 

0.45 

0.41 

0.39 

10.2251 

1.00 

1.23 

0.83 

0.59 

0.50 

0.43 

0.39 

0.37 

10.3001 

1 . 00 

1 . 05 

0.69 

0.49 

0.42 

0.36 

0.33 

0.32 

Iti/R  1 

1  cr  1 

0.225 

0.100 

0.047 

0.031 

0.018 

0.012 

0.009 
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tratout  Fri  Dec  18  14:02:53  1992  1 

RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 


Ef  / 

Em  =  20. 

.0 

Vf  =  0. 

TRANSVERSE 

.40 

TENSILE 

max 

STRENGTH 

ti/R  =  0. 

RATIO 

401 

1  1 
Iti/R  1 

1.0 

5.0 

10.0 

Em 

20.0 

/  Ei 
30.0 

50.0 

75.0 

100.0 

10.0001 

1.00 

1.00 

1.00 

1.00 

0.99 

0.99 

0.98 

0.98 

10.0101 

1.00 

1.01 

1.03 

1.07 

1.10 

1.16 

1.25 

1.32 

10.0101 

1.00 

1.01 

1.03 

1.07 

1.10 

1.17 

1.26 

1.30 

10.013! 

1.00 

1.02 

1.04 

1.09 

1.13 

1.22 

1.33 

1.16 

10.019] 

1.00 

1.03 

1.06 

1.13 

1.20 

1.33 

1.10 

0.97 

10.0201 

1.00 

1.03 

1.07 

1.14 

1.20 

1.31 

1.09 

0.96 

10.0301 

1.00 

1.04 

1.10 

1.20 

1.30 

1.09 

0.91 

0.81 

10.0331 

1.00 

1.05 

1.11 

1.22 

1.32 

1.05 

0.87 

0.78 

10.0401 

1.00 

1.06 

1.13 

1.26 

1.21 

0.95 

0.80 

0.72 

10.0501 

1.00 

1.07 

1.16 

1.32 

1.09 

0.86 

0.73 

0.66 

10.0501 

1.00 

1.07 

1.16 

1.32 

1.09 

0.86 

0.73 

0.66 

10.0601 

1.00 

1.09 

1.19 

1.21 

1.00 

0.80 

0.68 

0.62 

10.0701 

1.00 

1.10 

1.22 

1.13 

0.93 

0.75 

0.64 

0.59 

10.0801 

1.00 

1.11 

1.24 

1.06 

0.87 

0.70 

0.61 

0.56 

10.0901 

1.00 

1.13 

1.27 

1.00 

0.82 

0.67 

0.59 

0.54 

10.1001 

1.00 

1.14 

1.29 

0.95 

0.78 

0.64 

0.56 

0.52 

10.1061 

1.00 

1.14 

1.31 

0.92 

0.76 

0.63 

0.55 

0.52 

10.1501 

1.00 

1.19 

1.09 

0.77 

0.65 

0.54 

0.49 

0.46 

10.2001 

1.00 

1.24 

0.93 

0.66 

0.56 

0.47 

0.43 

0.41 

10.2371 

1.00 

1.27 

0.84 

0.60 

0.51 

0.43 

0.40 

0.38 

10.3001 

1.00 

1.11 

0.72 

0.51 

0.44 

0.38 

0.35 

0.33 

Iti/R  1 

1  cr  1 

0.237 

0.106 

0.050 

0.033 

0.019 

0.013 

0.010 
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tratout  Fri  Dec  18  14:02:58  1992  1 

RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 


Ef  /  Em  =  25 

0 

vf  =  0 

TRANSVERSE 

40 

TENSILE 

max 

STRENGTH 

ti/R  =  0 

RATIO 

401 

1  1 
Iti/R  1 

1.0 

5.0 

10.0 

Em 

20.0 

/  Ei 
30.0 

50.0 

75.0 

100.0 

10.0001 

1.00 

1.00 

1.00 

1.00 

0.99 

0.99 

0.98 

0.98 

10.0101 

1.00 

1.01 

1.03 

1.07 

1.10 

1.17 

1.25 

1.33 

10.0101 

1.00 

1.02 

1.03 

1.07 

1.11 

1.18 

1.26 

1.32 

10.0131 

1.00 

1.02 

1.04 

1.09 

1.14 

1.23 

1.34 

1.17 

10.0201 

1.00 

1.03. 

1.07 

1.14 

1.20 

1.34 

1.11 

0.98 

10.0201 

1.00 

1.03 

1.07 

1.14 

1.21 

1.32 

1.10 

0.97 

10.0301 

1.00 

1.05 

1.10 

1.21 

1.31 

1.10 

0.92 

0.81 

10.0331 

1.00 

1.05 

1.11 

1.22 

1.33 

1.05 

0.88 

0.78 

10.0401 

1.00 

1.06 

1.13 

1.27 

1.22 

0.96 

0.81 

0.73 

10.0501 

1.00 

1.08 

1.16 

1.33 

1.10 

0.87 

0.74 

0.67 

10.0511 

1.00 

1.08 

1.16 

1.33 

1.10 

0.87 

0.74 

0.67 

10.0601 

1.00 

1.09 

1.19 

1.23 

1.01 

0.80 

0.69 

0.63 

10.0701 

1.00 

1.10 

1.22 

1.14 

0.94 

0.75 

0.65 

0.60 

10.0801 

1.00 

1.12 

1.25 

1.07 

0.88 

0.71 

0.62 

0.57 

10.0901 

1.00 

1.13 

1.27 

1.01 

0.83 

0.68 

0.59 

0.55 

10.1001 

1.00 

1.14 

1.30 

0.96 

0.79 

0.65 

0.57 

0.53 

10.1071 

1 . 00 

1.15 

1.32 

0.93 

0.77 

0.63 

0.56 

0.52 

10.1501 

1 . 00 

1.20 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 


TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  - 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 
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ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 
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to  transverse  tensile  strength  without  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 


Ef  /  Em  =  20. 

.  0 

Vf  =  0. 

TRANSVERSE 

,50 

TENSILE 

max 

STRENGTH 

ti/R  =  0. 

RATIO 

253 

1  1 
Iti/R  1 

1.0 

5.0 

10.0 

Em 

20.0 

/  Ei 
30.0 

50.0 

75.0 

100.0 

10.0001 

1.00 

1.00 

1.00 

0.99 

0.99 

0.98 

0.97 

0.97 

10.0101 

1.00 

1.02 

1.04 

1.09 

1.12 

1.19 

1.27 

1.34 

10.0101 

1.00 

1.02 

1.05 

1.09 

1.13 

1.20 

1.27 

1.31 

10.0131 

1.00 

1.03 

1.06 

1.11 

1.16 

1.24 

1.34 

1.14 

10.0191 

1.00 

1.04 

1.09 

1.16 

1.22 

1.34 

1.06 

0.91 

10.0201 

1.00 

1.04' 

1.09 

1.16 

1.23 

1.32 

1.04 

0.89 

10.0301 

1.00 

1.06 

1.12 

1.23 

1.31 

1.05 

0.83 

0.72 

10.0331 

1.00 

1.07 

1.13 

1.24 

1.34 

0.99 

0.79 

0.69 

10.0401 

1.00 

1 . 08 

1.16 

1.28 

1.19 

0.89 

0.71 

0.62 

10.0501 

1.00 

1.10 

1.19 

1.33 

1.05 

0.78 

0.64 

0.56 

10.0501 

1.00 

1.10 

1.19 

1.33 

1.05 

0.78 

0.64 

0.56 

10.0601 

1.00 

1.11 

1.21 

1.20 

0.94 

0.71 

0.58 

0.51 

10.0701 

1.00 

1.13 

1.24 

1.09 

0.86 

0.65 

0.54 

0.48 

10.0801 

1.00 

1.14 

1.26 

1.01 

0.79 

0.60 

0.50 

0.45 

10.0901 

1.00 

1.15 

1.28 

0.94 

0.74 

0.56 

0.47 

0.43 

10.1001 

1.00 

1.17 

1.31 

0.88 

0.69 

0.53 

0.45 

0.40 

10.1061 

1.00 

1.17 

1.32 

0.85 

0.67 

0.52 

0.44 

0.39 

10.1501 

1.00 

1.22 

1.05 

0.67 

0.53 

0.42 

0.36 

0.33 

10.2001 

1.00 

1.26 

0.86 

0.55 

0.44 

0.34 

0.30 

0.28 

10.2371 

1.00 

1.27 

0.76 

0.48 

0.38 

0.30 

0.26 

0.24 

Iti/R  1 

1  cr  1 

0.237 

0.106 

0.050 

0.033 

0.019 

0.013 

0.010 
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tratout  Fri  Dec  18  14:24:34  1992  1 

RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 


Ef 

/  Em  =  25 

0 

Vf  =  0 

50 

max  t 

i/R  =  0 
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TRANSVERSE 

TENSILE 

STRENGTH 

RATIO 

1 

Em 

/  Ei 

ti/R  1 

1.0 

5.0 

10.0 

20.0 

30.0 

50.0 

75.0 

100.0 

0.0001 

1.00 

1.00 

1.00 

0.99 

0.99 

0.98 

0.97 

0.97 

0.0101 

1.00 

1.02 

1.05 

1.09 

1.13 

1.20 

1.28 

1.35 

0.0101 

1.00  . 

1.02 

1.05 

1.09 

1.13 

1.21 

1.28 

1.33 

0.0131 

1.00 

1.03 

1.06 

1.12 

1.17 

1.25 

1.35 

1.15 

0.0201 

1.00 

1.04 

1.09 

1.17 

1.23 

1.35 

1.07 

0.91 

0.0201 

1 . 00 

1.05 

1.09 

1.17 

1.24 

1.34 

1.06 

0.90 

0.0301 

1.00 

1.07 

1.13 

1.23 

1.33 

1.06 

0.85 

0.73 

0.0331 

1.00 

1.07 

1.14 

1.25 

1.35 

1.00 

0.80 

0.69 

0.0401 

1.00 

1.08 

1.16 

1.29 

1.21 

0.90 

0.72 

0.63 

0.0501 

1.00 

1.10 

1.19 

1.34 

1.06 

0.79 

0.64 

0.56 

0.0511 

1.00 

1.10 

1.20 

1.35 

1.06 

0.79 

0.64 

0.56 

0.0601 

1.00 

1.12 

1.22 

1.22 

0.95 

0.72 

0.59 

0.52 

C.0701 

1.00 

1.13 

1.25 

1.11 

0.87 

0.66 

0.54 

0.48 

0.080] 

1.00 

1.15 

1.27 

1.02 

0.80 

0.61 

0.51 

0.45 

0.0901 

1.00 

1.16 

1.30 

0.95 

0.75 

0.57 

0.48 

0.43 

0.1001 

1.00 

1.17 

1.32 

0.89 

0.70 

0.54 

0.45 

0.41 

0.1071 

1.00 

1.18 

1.33 

0.85 

0.67 

0.52 

0.44 

0.40 

0.1501 

1.00 

1.23 

1.07 

0.68 

0.54 

0.42 

0.36 

0.33 

0.2001 

1.00 

1.27 

0.88 

0.55 

0.44 

0.35 

0.30 

0.28 

0.2401 

1.00 

1.29 

0.76 

0.48 

0.38 

0.30 

0.26 

0.24 

ti/R  1 

cr  1 

0.240 

0.107 

0.051 

0.033 

0.020 

0.013 

0.010 
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tratout  Fri  Dec  18  14:24:42  1992  1 

RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 

Ef  /  Em  =  30.0  Vf  =  0.50  max  ti/R  =  0.253 


TRANSVERSE  TENSILE  STRENGTH  RATIO 


1  1 
Iti/R  1 

1.0 

5.0 

10.0 

Em 

20.0 

/  Ei 

30.0 

50.0 

75.0 

100.0 

10.0001 

1.00 

1.00 

1.00 

0.99 

0.99 

0.98 

0.97 

0.96 

10.0101 

1.00 

1.02 

1.05 

1.10 

1.14 

1.21 

1.29 

1.36 

10.0101 

1.00 

1.02 

1.05 

1.10 

1.14 

1.21 

1.29 

1.34 

10.0131 

1.00 

1.03 

1.07 

1.12 

1.17 

1.26 

1.36 

1.16 

10.0201 

1.00 

1.05 

1.09 

1.17 

1.24 

1.36 

1.08 

0.92 

10.0201 

1.00 

1.05' 

1.10 

1.18 

1.24 

1.35 

1.07 

0.91 

10.0301 

1 . 00 

1.07 

1.13 

1.24 

1.33 

1.07 

0.85 

0.73 

1C. 0331 

1.00 

1.08 

1.15 

1.26 

1.36 

1.01 

0.81 

0.70 

10.0^01 

1.00 

1.09 

1.17 

1.30 

1.23 

0.91 

0.73 

0.63 

10.0501 

1.00 

1.11 

1.20 

1.35 

1.07 

0.80 

0.65 

0.57 

10.0511 

1.00 

1.11 

1.20 

1.36 

1.06 

0.79 

0.64 

0.56 

10.0601 

1.00 

1.12 

1.23 

1.23 

0.96 

0.72 

0.59 

0.52 

10.0701 

1.00 

1.14 

1.26 

1.12 

0.88 

0.66 

0.55 

0.49 

10.0801 

1.00 

1.15 

1.28 

1.03 

0.81 

0.62 

0.51 

0.46 

10.0901 

1.00 

1.17 

1.30 

0.96 

0.76 

0.5,8 

0.48 

0.43 

10.1001 

1.00 

1.18 

1.32 

0.90 

0.71 

0.54 

0.46 

0.41 

10.1071 

1.00 

1.19 

1.34 

0.86 

0.68 

0.52 

0.44 

0.40 

10.1501 

1.00 

1.23 

1.08 

0.69 

0.55 

0.43 

0.37 

0.34 

10.2001 

1.00 

1.27 

0.88 

0.56 

0.45 

0.35 

0.31 

0.28 

10.2421 

1.00 

1.30 

0.76 

0.48 

0.38 

0.30 

0.26 

0.24 

Iti/R  1 

1  cr  ! 

0.242 

0.107 

0.051 

0.033 

0.020 

0.013 

0.010 
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tratout  Fri  Dec  18  14:24:48  1992  1 

RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 


Ef 

/  Em  =  50 

0 

Vf  =  0 

TRANSVERSE 

50 

TENSILE 

max 

STRENGTH 

ti/R  =  0 

RATIO 

253 

1  1 

Iti/R  i 

1.0 

5.0 

10.0 

Em 

20.0 

/  Ei 
30.0 

50.0 

75.0 

100.0 

10.0001 

1.00 

1.00 

1.00 

0.99 

0.99 

0.98 

0.97 

0.96 

10.0101 

1.00 

1.03 

1.06 

1.10 

1.15 

1.22 

1.31 

1.38 

10.0101 

1.00 

1.03 

1.06 

1.11 

1.15 

1.22 

1.31 

1.37 

10.0131 

1.00 

1.03 

1.07 

1.13 

1.19 

1.28 

1.38 

1.17 

10.0201 

1.00 

1.05 

1.10 

1.19 

1.26 

1.38 

1.09 

0.93 

10.0201 

1.00 

1.05 

1.10 

1.19 

1.26 

1.38 

1.09 

0.93 

10.0301 

1.00 

1.07 

1.14 

1.25 

1.35 

1.10 

0.87 

0.75 

10.0341 

1.00 

1 . 08 

1.16 

1.28 

1.38 

1.02 

0.82 

0.70 

10.0401 

1.00 

1.09 

1.18 

1.32 

1.25 

0.93 

0.74 

0.65 

10.0501 

1.00 

1.11 

1.21 

1.37 

1.10 

0.82 

0.66 

0.58 

10.0521 

1.00 

1.12 

1.22 

1.38 

1.08 

0.80 

0.65 

0.57 

10.0601 

1.00 

1.13 

1.24 

1.26 

0.98 

0.74 

0.60 

0.53 

10.0701 

1.00 

1.15 

1.27 

1.15 

0.90 

0.68 

0.56 

0.50 

10.0801 

1.00 

1.16 

1.30 

1.06 

0.83 

0.63 

0.52 

0.47 

10.0901 

1.00 

1.18 

1.32 

0.98 

0.77 

0.59 

0.49 

0.44 

10.1001 

1.00 

1.19 

1.34 

0.92 

0.72 

0.55 

0.47 

0.42 

10.1091 

1.00 

1.20 

1.36 

0.87 

0.68 

0.53 

0.45 

0.40 

10.1501 

1.00 

1.25 

1.11 

0.70 

0.56 

0.44 

0.37 

0.34 

10.2001 

1.00 

1.29 

0.90 

0.57 

0.45 

0.36 

0.31 

0.29 

10.2451 

1 . 00 

1.32 

0.77 

0.48 

0.38 

0.30 

0.26 

0.24 

Iti/R  1 

1  cr  1 

0.245 

0.109 

0.052 

0.034 

0.020 

0.013 

0.010 
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tratout  Fri  Dec  18  14:24:53  1992  1 

RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 

Ef  /  Em  =100.0  Vf  =  0.50  max  ti/R  =  0.253 


TRANSVERSE  TENSILE  STRENGTH  RATIO 


j  I  Em  /  Ei  I 

Iti/R  I  1.0  5.0  10.0  20.0  30.0  50.0  75.0  100.0  I 


10.0001 

1.00 

1.00 

10.0101 

1.00 

1.03 

10.0101 

1.00 

1.03 

10.0131 

1.00 

1.04 

10.0201 

1.00 

1.05 

10.0201 

1.00 

1.06 

10.0301 

1.00 

1.08 

o 

o 

1.00 

1.09 

10.0401 

1.00 

1.10 

10.0501 

1.00 

1.12 

10.0521 

1.00 

1.12 

10.0601 

1.00 

1.14 

10.0701 

1.00 

1.16 

10.0801 

1.00 

1.17 

10.0901 

1.00 

1.19 

10.1001 

1.00 

1.20 

10.1101 

1.00 

1.21 

10.1501 

1.00 

1.26 

1 0.200 1 

1.00 

1.30 

10.2481 

1.00 

1.33 

1.00 

0.99 

0.99 

1.06 

1.11 

1.16 

1.06 

1.11 

1.16 

1.08 

1.14 

1.20 

1.11 

1.20 

1.27 

1.11 

1.20 

1.27 

1.15 

1.27 

1.36 

1.17 

1.29 

1.40 

1.19 

1.33 

1.28 

1.22 

1.38 

1.12 

1.23 

1.40 

1.09 

1.25 

1.28 

1.00 

1.28 

1.17 

0.91 

1.31 

1.07 

0.84 

1.33 

1.00 

0.78 

1.36 

0.93 

0.73 

1.38 

0.88 

0.69 

1.13 

0.71 

0.57 

0.92 

0.58 

0.46 

0.78 

0.49 

0.39 

0.98 

0.97 

0.96 

1.23 

1.32 

1.40 

1.23 

1.32 

1.40 

1.29 

1.40 

1.19 

1.40 

1.11 

0.95 

1 .40 

1.11 

0.94 

1.12 

0.88 

0.76 

1.03 

0.82 

0.71 

0.94 

0.76 

0.66 

0.83 

0.67 

0.59 

0.81 

0.66 

0.58 

0.75 

0.61 

0.54 

0.69 

0.57 

0.50 

0.64 

0.53 

0.47 

0.60 

0.50 

0.45 

0.56 

0.47 

0.43 

0.53 

0.45 

0.41 

0.44 

0.38 

0.35 

0.36 

0.31 

0.29 

0.31 

0.26 

0.24 

!  ti/R 


0.248 


0.110 


0.052 


0.034 


0.020 


0.013 


0.010 
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TRANSVERSE  TENSILE  STRENGTH  RATIO 
Ef/Em  =  5  Vf  =  ^ 


-  ti/R-ao 

H - 1 - 1-  b'/R-DI 

* - t:/R«=ja2 

Q. - Q - Q  tl/R=I» 

H - 1 - 1-  ti/R-jOl 

:*«■ - - It;  ti/R-^ 

- -  t)/R-j06 

-  ti/R-U37 


Em/EI 


C-50 
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-  ti/fMlO 

TKANSVERSE  TENSILE  STRENGTH  RATIO 
Ef/Em  =  10  Vf  =  .55 


ti/R-s01 
* - . -*  ti/R-jaZ 

0. — 0 - 0  ti/R.x)3 

H - 1 - +  ti/R=^ 

ti7R-=j05 
ti'/R-jOe 
byR=D7 


Em/B 
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TRANSVEFJSE  TENSILE  STRENGTH  RATIO 


m  =  10 


-  f/R-CO 

H - 1 — -+  ti/R*=J06 

* - •*- . ti7R=J39 

Q. - 0. - 0 

H - 1 - h  ti/R-.15 


r-f/n 


Vf  = 


N  AWCADWAR-9301 6-60 


transvetse:  timsile  strength  ratio 


Ef/Em  =  20 


Vf  =  .55 


-  t7R=0.0 

-) - \ - 1-  ti/Rr^l 

. -*  ti/R=£l2 

O — O- — O  ti/R=^ 

H - 1 - h  ti/F?=J04 

* - * - *  ti/R=j05 

-  ti/R=^ 

-  t7R=j07 


\  ••• 


V" . . 


Em/Ei 
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transverse:  tensile  strength  ratio 


-  ti/R-CO 

H - 1 - 1-  ti/R-jOB 

* - . -»*:  ti/R-jD9 

O — e- — O  t)7R^1 
H - 1 - 1-  ti/R-.15 


Ef/Em  =  20 


Vf 


,55 
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TRANSVERSE  TENSILE  STRENGTH  RARO 
Ef/Em  =  25  Vf  =  .55 


-  t7R=ao 

H - 1 - h  ti/R=D1 

♦ - . ti7R-=rC 

0. — 0. — Q  ti7R=ii3 
H - 1 - 1-  b7R-IK 


Em/EI 
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TRANSVERSE  TENSILE  STRENGTH  RATIO 
Ef/Em  =  25  Vf  =  .55 


-  ti/R-QO 

H - i - 1-  tyR=JD1 

. -*  ti/R=jQ2 

0. — 0 — Q  t;/R^ 


ti/R-J04 


ti/R=I» 


-  ti/R=I36 


Em/EI 
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TRANSVERSE  TENSILE  STRENGTH  RATIO 
Ef/Em  =  50  Vf  =  .55 


-  ti/R-QO 

H - 1 - i-  ti/R-JDI 

* - -»( - If;  f/R-DZ 

O - €>- — O  ti/R-jQ3 

H - \ - 1-  ti/R-XH 

in - >)e Ha  ti/R-D5 

. . -  ti/R-XK 

-  ti/R=X)7 
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TRANSVERSE  TENSILE  STRENGTH  RATIO 
Ef/Em  =  50  Vf  =  ^ 


-  f/R=ao 

H - i - h  byR=j08 

* - - in  ti/R*JD9 

0 - 0 - 0 

H - 1 - (-  ti/R=.15 
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TRANSVERSE  TENSILE  STRENGTH  RATIO 
Ef/Em  =  100  Vf  =  .55 


-  tyR=ao 

H - \ - 1-  ti/R-J01 

* - ♦- -»t:  f/R-£l2 

Q. — 0. — 0  ti/R=jD3 
I  I  +  ti/R«=j04 

*• - *)«■ - ti/R=^ 

. . . -  f/R=j06 


Em/e 
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tratout  Thu  Dec  17  14:44:04  1992  1 

RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 


TRANSVERSE  TENSILE  STRENGTH  RATIO  - 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 


Ef 

/Em  - 

5.0 

Vf  -  0 

TRANSVERSE 

55 

TENSILE 
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STRENGTH 

ti/R  -  0 

RATIO 
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1  1 

lEm/Ei ! 

1  1 

0.00 
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ti 
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/  R 
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1.00 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  - 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  - 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  -= 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  - 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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0.65 

0.48 

0.39 

0.34 

0.1001 

1.00 

1.14 

1.26 

0.78 

0.60 

0.45 

0.37 

0.32 

0.1001 

1.00 

1.14 

1.26 

0.78 

0.60 

0.45 

0.37 

0.32 

0.1501 

1.00 

1.19 

0.96 

0.58 

0.45 

0.34 

0.28 

0.25 

ti/R  1 

cr  1 

0.225 

0.100 

0.047 

0.031 

0.018 

0.012 

0.009 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 


Ef  /  Em  =  20 

.0 

Vf  =  0 

.55 

max 

ti/R  =  0. 

.195 

TRANSVERSE 

TENSILE 

STRENGTH 

RATIO 

1  1 

Em 

/  Ei 

Iti/R  1 

1.0 

5.0 

10.0 

20.0 

30.0 

50.0 

75.0 

100.0 

10.0001 

1.00 

1.00 

1.00 

0.99 

0.99 

0.98 

0.97 

0.96 

10.0101 

1.00 

1.03 

1.06 

1.11 

1.15 

1.21 

1.29 

1.35 

lO.OlOi 

1.00 

1.03 

1.06 

1.11 

1.15 

1.22 

1.29 

1.32 

10.0131 

1.00 

1.04 

1.07 

1.13 

1.18 

1.26 

1.35 

1.13 

10.0191 

1.00 

1.05 

1.10 

1.18 

1.25 

1.35 

1.05 

0.88 

10.0201 

1.00 

1.05 

1.11 

1.19 

1.25 

1.33 

1.03 

0.86 

10.0301 

1.00 

1.08 

1.15 

1.25 

1.33 

1.03 

0.80 

0.68 

10.0331 

1.00 

1.08 

1.16 

1.26 

1.35 

0.98 

0.76 

0.64 

10.0401 

1.00 

1.10 

1.18 

1.30 

1.19 

0.86 

0.67 

0.58 

10.0501 

1.00 

1.12 

1.21 

1.35 

1.03 

0.75 

0.59 

0.51 

10.0501 

1.00 

1.12 

1.21 

1.35 

1.03 

0.75 

0.59 

0.51 

10.0601 

1.00 

1.13 

1.24 

1.20 

0.92 

0.67 

0.53 

0.46 

lO.OlOl 

1.00 

1.15 

1.26 

1.08 

0.83 

0.60 

0.49 

0.42 

10.0801 

1.00 

1.17 

1.28 

0.99 

0.76 

0.56 

0.45 

0.39 

10.0901 

1.00 

1.18 

1.30 

0.91 

0.70 

0.51 

0.42 

0.37 

10.1001 

1.00 

1.19 

1.32 

0.85 

0.65 

0.48 

0.39 

0.35 

10.1061 

1.00 

1.20 

1.33 

0.82 

0.63 

0.46 

0.38 

0.34 

10.1501 

1.00 

1.24 

1.04 

0.63 

0.48 

0.36 

0.30 

0.27 

Iti/R  1 

1  cr  i 

0.237 

0.106 

0.050 

0.033 

0.019 

0.013 

0. 010 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 

Ef  /  Era  =  25.0  Vf  =  0.55  max  ti/R  =  0.195 


TRANSVERSE  TENSILE  STRENGTH  RATIO 


1  i 

Iti/R  1 

1.0 

5.0 

10.0 

Em 

20.0 

/  Ei 

30.0 

50.0 

75.0 

100.0 

10.0001 

1.00 

1.00 

1.00 

0.99 

0.99 

0.98 

0.97 

0.96 

10.0101 

1.00 

1.03 

1.06 

1.11 

1.16 

1.23 

1.30 

1.37 

10.0101 

1.00 

1.03 

1.06 

1.12 

1.16 

1.23 

1.31 

1.34 

10.0131 

1.00 

1.04 

1.08 

1.14 

1.19 

1.28 

1.37 

1.15 

10.0201 

1.00 

1.06 

1.11 

1.19 

1.26 

1.37 

1.06 

0.89 

10.0201 

1.00 

1.06 

1.11 

1.20 

1.26 

1.36 

1.05 

0.88 

10.0301 

1.00 

1.08 

1.16 

1.26 

1.35 

1.05 

0.82 

0.69 

10.0331 

1.00 

1.09 

1.17 

1.28 

1.37 

0.99 

0.77 

0.65 

10.0^01 

1.00 

1.11 

1.19 

1.32 

1.22 

0.88 

0.69 

0.58 

10.0501 

1.00 

1.13 

1.22 

1.36 

1.05 

0.76 

0.60 

0.52 

10.0511 

1.00 

1.13 

1.22 

1.37 

1.05 

0.75 

0.60 

0.51 

10.0601 

1.00 

1.14 

1.25 

1.22 

0.93 

0.68 

0.54 

0.47 

10.0701 

1.00 

1.16 

1.27 

1.10 

0.84 

0.61 

0.49 

0.43 

10.0801 

1.00 

1.18 

1.30 

1.01 

0.77 

0.56 

0.46 

0.40 

10.0901 

1.00 

1.19 

1.32 

0.93 

0.71 

0.52 

0.43 

0.37 

10.1001 

1.00 

1.20 

1.34 

0.86 

0.66 

0.49 

0.40 

0.35 

10.1071 

1.00 

1.21 

1.35 

0.83 

0.63 

0.47 

0.38 

0.34 

10.1501 

1.00 

1.25 

1.06 

0.64 

0.49 

0.37 

0.30 

0.27 

Iti/R  1 

1  cr  1 

0.240 

0.107 

0.051 

0.033 

0.020 

0.013 

0.010 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 

Ef  /  Em  ■=  30.0  Vf  ■=  0.55  max  ti/R  =  0.195 


TRANSVERSE  TENSILE  STRENGTH  RATIO 


II  Em  /  Ei 

Iti/R  I  1.0  5.0  10.0  20.0  30.0  50.0  75.0 


10.000]  1.00  1.00  1.00  0.99  0.99  0.98  0.97 
10.0101  1.00  1.03  1.07  1.12  1.16  1  2A  131 
lO.OlOj  1.00  1.03  1.07  1.12  1.17  1.24  1.32 
10.0131  1.00  1.04  1.08  1.15  1.20  1.29  1.38 
10.020]  1.00  1.06  1.12  1.20  1.27  1.39  1.07 
]0.0201  1.00  1.06'  1.12  1.21  1.27  1.37  1.06 
10.0301  1.00  1.09  1.16  1.27  1.36  1.06  0.83 
]0.033]  1.00  1.10  1.18  1.29  1.38  1.00  0  77 
I0-040I  1.00  1.11  1.20  1.33  1.23  0.89  0.69 
]0.050]  1.00  1.13  1.23  1.37  1.07  0.77  0.61 
]0.051i  1.00  1.13  1.23  1.38  1.05  0.76  0.60 
]0.060]  1.00  1.15  1.26  1.24  0.95  0.69  0.55 
]0.070]  1.00  1.17  1.28  1.12  0.85  0.62  0.'50 
10.080]  1.00  1.18  1.31  1.02  0.78  0.57  0.46 
]0.090]  1.00  1.20  1.33  0.94  0.72  0.53  0  43 
]0.1001  1.00  1.21  1.35  0.87  0.67  0.4.9  0.40 
10.107]  1.00  1.22  1.36  0.83  0.64  0.47  0.39 
10-150]  1.00  1.26  1.07  0.65  0.50  0.37  0.31 


iti/R  I 

I  I  0.242  0.107  0.051  0.033  0.020  0.013 


100.0  I 


0.96 

1.38 

1.36 

1.16 

0.90 

0.89 

0.70 

0.66 

0.59 

0.52 

0.52 

0.47 

0.44 

0.40 

0.38 

0.36 

0.34 

0.28 


] 

0.010  I 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 

Ef  /  Em  =  50.0  Vf  >=  0.55  max  ti/R  =  0.195 


TRANSVERSE  TENSILE  STRENGTH  RATIO 


I  1 

Iti/R  1 

1.0 

5.0 

10.0 

Em 

20.0 

/  Ei 
30.0 

50.0 

75.0 

100.0 

lO.OOOi 

1.00 

1.00 

1.00 

0.99 

0.99 

0.98 

0.97 

0. 95 

10.0101 

1.00 

1.04 

1.07 

1.13 

1.18 

1.26 

1.34 

1.41 

io.oioi 

1.00 

1.04 

1.07 

1.13 

1.18 

1.26 

1.34 

1.40 

10.0131 

1.00 

1.05 

1.09 

1.17 

1.22 

1.31 

1.41 

1.18 

10.0201 

1.00 

1.07 

1.13 

1.22 

1.29 

1.41 

1.09 

0.91 

10.0201 

1.00 

1.07' 

1.13 

1.22 

1.29 

1.41 

1.09 

0.91 

10.0301 

1.00 

1.10 

1.18 

1.29 

1.38 

1.09 

0.85 

0.71 

10.0341 

1.00 

1.11 

1.19 

1.31 

1.41 

1.01 

0.79 

0.67 

10.0401 

l.OD 

1.12 

1.22 

1.35 

1.27 

0. 91 

0.71 

0.61 

10.0501 

1.00 

1.14 

1.25 

1.40 

1.09 

0.79 

0.62 

0.53 

10.0521 

1.00 

1-.15 

1.25 

1.41 

1.07 

0.77 

0.61 

0.53 

10.0601 

1.00 

1.16 

1.28 

1.27 

0.97 

0.70 

0.56 

0.48 

10.0701 

1.00 

1.18 

1.31 

1.15 

0.87 

0.64 

0.51 

0.45 

10.0801 

1.00 

1.20 

1.33 

1.05 

0.80 

0.58 

0.47 

0.41 

10.0901 

1.00 

1.21 

1.35 

0.97 

0.74 

0.54 

0.44 

0.39 

10.1001 

1.00 

1.23 

1.37 

0.90 

0.68 

0.51 

0.41 

0.37 

10.1091 

1.00 

1.24 

1.39 

0.84 

0.64 

0.48 

0.39 

0.35 

10.1501 

1.00 

1.28 

1.10 

0.66 

0.51 

0.38 

0.31 

0.28 

Iti/R  1 

i  cr  1 

0.245 

0.109 

0.052 

0.034 

0.020 

0.013 

0.010 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 


Ef  /  Em  =100.0 

Vf  =  0.55 

max  ti/R  =  0.195 

TRANSVERSE  TENSILE 

STRENGTH  RATIO 

1  1 
Iti/R  i 

1.0 

5.0 

10.0 

Em 

20.0 

/  Ei 

30.0 

50.0 

75.0 

100.0 

10.0001 

1.00 

1.00 

1.00 

0.99 

0.99 

0.98 

0.96 

0.95 

10.0101 

1 . 00 

1.04 

1.08 

1.14 

1.19 

1.27 

1.36 

1.43 

10.0101 

1.00 

1.04 

1.08 

1.14 

1.19 

1.27 

1.36 

1.43 

10.0131 

1.00 

1.05 

1.10 

1.18 

1.24 

1.33 

1.44 

1.19 

10.0201 

1.00 

1.07 

1.14 

1.24 

1.31 

1.43 

1.11 

0.93 

10.0201 

1.00 

1.07 

1.14 

1.24 

1.31 

1.44 

1.11 

0.92 

10.0301 

1.00 

1.10 

1.19 

1.31 

1.40 

1.12 

0.86 

0.73 

10.0341 

1.00 

1.11 

1.21 

1.33 

1.43 

1.03 

0.80 

0.67 

10.0401 

1.00 

1.13 

1.23 

1.37 

1.29 

0.93 

0.72 

0.62 

10.0501 

1.00 

1.15 

1.26 

1.42 

1.12 

0.80 

0.63 

0.54 

10.0521 

1.00 

1.16 

1.27 

1.43 

1.09 

0.78 

0.62 

0.53 

10.0601 

1.00 

1.17 

1.29 

1.30 

0.99 

0.72 

0.57 

0.49 

10.0701 

1.00 

1.19 

1.32 

1.17 

0.89 

0.65 

0.52 

0.45 

10.0801 

1.00 

1.21 

1.35 

1.07 

0.81 

0.60 

0.48 

0.42 

10.0901 

1.00 

1.23 

1.37 

0.99 

0.75 

0.55 

0.45 

0.39 

10.1001 

1.00 

1.24 

1.39 

0.92 

0.70 

0.51 

0.42 

0.37 

10.1101 

1.00 

1.26 

1.41 

0.85 

0. 65 

0.48 

0.40 

0.35 

10.1501 

1.00 

1.30 

1.13 

0.68 

0.52 

0.39 

0.32 

0.29 

Iti/R  1 

1  cr  1 

0.248 

0.110 

0.052 

0.034 

0.020 

0.013 

0.010 
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TRANSVERSE  TENSILE  STRENGTH  RATO 
Ef/Em  =  5  Vf  =  .6 
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TRANSVEFJSE  TENSILE  STRENGTH  RATIO 
Ef/Em  =  5  Vf  =  ^ 
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TRANSVERSE  TENSILE  STRENGTH  RATIO 
Ef/Em  =  10  Vf  =  ,6 


Em/Ei 
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transverse  tensile  strength  ratio 

Ef/Em  =  10  Vf  =  .6 


-  ti/R=ao 
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TRANSVERSE  TENSILE  STRENGTH  RATIO 
Ef/Em  =  20  Vf  =  .6 
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transverse  tensile  strength  ratio 

Ef/Em  =  20  Vf  =  .6 
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transverse  tensile 

-4  I  , 

ti/R=ao 

t:/R=iD6 

tyR=j09 

ti/R=.1 

STRENGTH  RATIO 
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transverse  tensile  strength  ratio 

Ef/Em  =  30  Vf  =  .6 
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TRANSVERSE  TENSILE  STRENGTH  RATIO 
Ef/Em  =  50  Vf  =  .6 
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TRANSVERSE  TENSILE  STRENGTH  RATIO 
Ei/Em  =  50  Vf  =  ,6 


-  t;/R=co 

H - 1 - 1-  tl/R-jOl 

. ti/R=j02 

G — €>- — O  ti/R-J33 


Em/Ei 


C-96 


N  AWCADWAR-9301 6-60 


TRANSVERSE  TENSILE  STRENGTH  RATIO 
Ef/Em  =  100  Vf  =  .6 
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TRANSVERSE  TENSILE  STRENGTH  RATIO 
Ef/Em  =  100  Vf  =  .6 
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t:ratout  Tbu  Dec  17  15:10:54  1992  1 

RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  - 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 


Ef  /  Em  -  5.0 

Vf  •  0.60 

max  ti/R  *  0.144 

TRANSVERSE  TENSILE 

STRENGTH  RATIO 

1 

Em/Ei 1 

1 

0.00 

0.01 

0.02 

ti 

0.03 

/  R 

0.04 

0.05 

0.06 

0.07 

1.01 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

3.71 

1.00 

1.01 

1.01 

1.02 

1.03 

1.04 

1.04 

1.05 

5.01 

1.00 

1.01, 

1.02 

1.03 

1.04 

1.05 

1.06 

1.07 

5.01 

1.00 

1.01 

1.02 

1.03 

1.04 

1.05 

1.06 

1.07 

6.31 

1.00 

1.01 

1.03 

1.04 

1.05 

1.07 

1.08 

1.08 

9.01 

1.00 

1.02 

1.04 

1.06 

1.08 

1.09 

1.10 

1.12 

9.91 

1.00 

1.02 

1.05 

1.07 

1.08 

1.10 

1.11 

1.13 

10.01 

1.00 

1.02 

1.05 

1.07 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  - 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  « 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  - 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  - 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  - 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  Interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  - 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  - 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  « 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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1.20 

0.84 

0.64 

0.53 

10.0501 

1.00 

1.15 

1.25 

1.37 

1.03 

0.72 

0.55 

0.46 

10.0501 

1.00 

1.15 

1.25 

1.37 

1.03 

0.72 

0.55 

0.46 

10.0601 

1 . 00 

1.17 

1.27 

1.21 

0.90 

0.63 

0.49 

0.41 

lO.OIOi 

1.00 

1.19 

1.30 

1.08 

0.80 

0.56 

0.44 

0.37 

10.0801 

1.00 

1.20 

1.32 

0.98 

0.73 

0.51 

0.40 

0.34 

10.0901 

1.00 

1.22 

1.33 

0.90 

0.66 

0.47 

0.37 

0.32 

10.1001 

1.00 

1.23 

1.35 

0.83 

0.61 

0.43 

0.34 

0.29 

10.1061 

1.00 

1.23 

1.36 

0.79 

0.59 

0.41 

0.33 

0.28 

!ti/R  1 

1  cr  1 

0.237 

0.106 

0.050 

0.033 

0.019 

0.013 

0.010 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 


TRANSVERSE  TENSILE  STRENGTH  RATIO  « 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 


Ef 

/  Em  -  25 

0 

Vf  =  0 

TRANSVERSE 

60 

TENSILE 

max 

STRENGTH 

ti/R  =  0. 

RATIO 

144 

I  I 

Iti/R  I 

1.0 

5.0 

10.0 

Em 

20.0 

/  Ei 
30.0 

50.0 

75.0 

100.0 

lO.OOOl 

1.00 

1.00 

0.99 

0.99 

0.98 

0.97 

0.96 

0.95 

I  0. 010  I 

1.00 

1.04 

1.08 

1.15 

1.19 

1.27 

1.34 

1.40 

10.0101 

1 . 00 

1.04 

1.09 

1.15 

1.20 

1.27 

1.35 

1.37 

10.0131 

1.00 

1.05 

1.11 

1.18 

1.24 

1.32 

1.41 

1.15 

10.0201 

1.00 

1.08 

1.15 

1.24 

1.30 

1.41 

1.06 

0.87 

10.0201 

1.00 

1.08 

1.15 

1.24 

1.31 

1.39 

1.05 

0.86 

10.0301 

1 . 00 

1.11 

1.19 

1.30 

1.38 

1.05 

0.79 

0.66 

10.0331 

1.00 

1.12 

1.21 

1.32 

1.40 

0.98 

0.74 

0.62 

10.0401 

1.00 

1.14 

1.23 

1.35 

1.23 

0.86 

0.65 

0.54 

10.0501 

1 . 00 

1.16 

1.26 

1.40 

1.05 

0.73 

0.56 

0.47 

10.0511 

1 . 00 

1.16 

1.27 

1.40 

1.04 

0.73 

0.56 

0.47 

10.0601 

1 . 00 

1.18 

1.29 

1.24 

0.92 

0.64 

0.50 

0.42 

10.0701 

1.00 

1.20 

1.32 

1.11 

0.82 

0.58 

0.45 

0.38 

10.0801 

1.00 

1.22 

1.34 

1.00 

0.74 

0.52 

0.41 

0.35 

10.0901 

1.00 

1.23 

1.35 

0.92 

0.68 

0.48 

0.37 

0.32 

10.1001 

1.00 

1.24 

1.37 

0.85 

0.63 

0.44 

0.35 

0.30 

10.1071 

1 . 00 

1.25 

1.38 

0.80 

0.59 

0.42 

0.33 

0.28 

Iti/R  1 

1  cr  1 

0.240 

0.107 

0.051 

0.033 

0.020 

0.013 

0.010 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  - 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 


Ef  /  Em  -  30.0 

Vf  -  0.60 

max  ti/R  -  0.144 

TRANSVERSE  TENSILE 

STRENGTH  RATIO 

1  1 
Iti/R  1 

1.0 

5.0 

10.0 

Em 

20.0 

/  Ei 

30.0 

50.0 

75.0 

100.0 

10.0001 

1.00 

1.00 

0.99 

0.99 

0.98 

0.97 

0.96 

0.95 

10.0101 

1.00 

1.04 

1.09 

1.16 

1.21 

1.28 

1.36 

1.42 

10.0101 

1.00 

1.05 

1.09 

1.16 

1.21 

1.29 

1.36 

1.40 

I0.013i 

1.00 

1.06 

1.11 

1.19 

1.25 

1.34 

1.42 

1.17 

10.0201 

1.00 

1.08 

1.15 

1.25 

1.32 

1.42 

1.07 

0.88 

10.0201 

1.00 

1.08- 

1.16 

1.25 

1.32 

1.41 

1.06 

0.87 

10.0301 

1.00 

1.12 

1.20 

1.32 

1.40 

1.07 

0.81 

0.67 

10.0331 

1.00 

1.13 

1.22 

1.33 

1.42 

0.99 

0.75 

0.62 

10.0401 

1.00 

1.15 

1.24 

1.37 

1.25 

0.87 

0.66 

0.55 

10.0501 

1.00 

1.17 

1.28 

1.41 

1.07 

0.74 

0.57 

0.48 

10.051 i 

1 . 00 

1.17 

1.28 

1.42 

1.05 

0.73 

0.56 

0.47 

10.0601 

1  .  00 

1.19 

1.30 

1.26 

0.94 

0.65 

0.50 

0.43 

10.0701 

1 . 00 

1.21 

1.33 

1.13 

0.83 

0.58 

0.45 

0.39 

10.0801 

1.00 

1.23 

1.35 

1.02 

0.75 

0.53 

0.41 

0.35 

10.0901 

1 . 00 

1.24 

1.37 

0.93 

0.69 

0.49 

0.38 

0.33 

10.1001 

1.00 

1.26 

1.39 

0.86 

0.63 

0.45 

0.35 

0.30 

10.1071 

1.00 

1.27 

1.40 

0.81 

0.60 

0.42 

0.33 

0.29 

Iti/R  1 

1  cr  1 

0.242 

0.107 

0.051 

0.033 

0.020 

0.013 

0.010 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  •= 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 


Ef  /  Em  =  50. 

,  0 

Vf  «  0. 

TRANSVERSE 

.60 

TENSILE 

max 

STRENGTH 

ti/R  0. 

RATIO 

.144 

1  1 
Iti/R  1 

1.0 

5.0 

10.0 

Em 

20.0 

/  Ei 
30.0 

50.0 

75.0 

100.0 

10.0001 

1.00 

1.00 

0.99 

0.99 

0.98 

0.97 

0.96 

0.94 

10.0101 

1.00 

1.05 

1.10 

1.18 

1.23 

1.31 

1.39 

1.46 

10.0101 

1.00 

1.05 

1.10 

1.18 

1.23 

1.31 

1.39 

1.45 

10.0131 

1.00 

1.07 

1.13 

1.21 

1.28 

1.37 

1.46 

1.20 

10.0201 

1.00 

1.10 

1.17 

1.28 

1.35 

1.46 

1.10 

0.90 

10.0201 

1.00 

1.10 

1.17 

1.28 

1.35 

1.46 

1.10 

0.90 

10.0301 

1.00 

1.13 

1.23 

1.35 

1.43 

1.10 

0.83 

0.69 

lO.OS'!! 

1.00 

1.14 

1.24 

1.37 

1.46 

1.01 

0.77 

0.64 

10.0401 

1 . 00 

1.16 

1.27 

1.40 

1.30 

0.90 

0.68 

0.57 

10.0501 

1 . 00 

1.19 

1.30 

1.45 

1.10 

0.77 

0.59 

0.49 

10.0521 

1.00 

1.19 

1.31 

1.45 

1.08 

0.75 

0.57 

0.48 

10.0601 

1.00 

1.21 

1.33 

1.30 

0.97 

0.67 

0.52 

0.44 

10.0701 

1.00 

1.23 

1.36 

1.17 

0.86 

0.60 

0.47 

0.40 

10.0801 

1.00 

1.25 

1.38 

1.05 

0.78 

0.55 

0.43 

0.36 

10.0901 

1.00 

1.27 

1.40 

0.96 

0.71 

0.50 

0.39 

0.34 

10.1001 

1.00 

1.28 

1.42 

0.89 

0.65 

0.46 

0.36 

0.31 

10.1091 

1.00 

1.30 

1.43 

0.83 

0.61 

0.43 

0.34 

0.29 

Ili/R  1 

1  cr  1 

0.245 

0.109 

0.052 

0.034 

0.020 

0.013 

0.010 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  - 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 

Ef  /  Er.  -=100.0  Vf  -=  0.60  max  ti/R  •=  0.144 


TRANSVERSE  TENSILE  STRENGTH  RATIO 


1  1 
Iti/R  1 

I.O 

5.0 

10.0 

Em 

20.0 

/  Ei 

30.0 

50.0 

75.0 

100.0 

10.0001 

1.00 

1.00 

0.99 

0.99 

0.98 

0.97 

0.95 

0.94 

10.0101 

:.  00 

1.06 

1.11 

1.19 

1.25 

1.34 

1.42 

1.49 

10.0101 

1.00 

1.06 

1.11 

1.19 

1.25 

1.34 

1.42 

1.49 

10.0131 

1.00 

1.07 

1.14 

1.23 

1.30 

1.40 

1.49 

1.22 

10.0201 

1.00 

1.10 

1.19 

1.30 

1.37 

1.49 

1.13 

0.93 

10.0201 

1.00 

1.11 

1.19 

1.30 

1.38 

1.49 

1.12 

0.92 

10.0301 

1 . 00 

1.14 

1.25 

1.37 

1.46 

1.13 

0.85 

0.70 

10.0341 

1.00 

1.16 

1.27 

1.40 

1.49 

1.03 

0.78 

0.65 

10.0401 

1.00 

1.18 

1.29 

1.43 

1.33 

0.92 

0.70 

0.58 

10.0501 

1.00 

1.21 

1.33 

1.48 

1.14 

0.79 

0.60 

0.51 

10.0521 

1 . 00 

1.21 

1.33 

1.49 

1.10 

0.76 

0.59 

0.49 

10.0601 

1.00 

1.23 

1.36 

1.34 

0.99 

0.69 

0.53 

0.45 

10.0701 

1.00 

1.25 

1.39 

1.20 

0.88 

0.62 

0.48 

0.41 

10.0801 

1.00 

1.27 

1.41 

1.08 

0.80 

0.56 

0.44 

0.37 

10.0901 

1.00 

1.29 

1.43 

0.99 

0.73 

0.51 

0.40 

0.34 

10.1001 

1.00 

1.31 

1.45 

0.91 

0.67 

0.47 

0.37 

0.32 

10.1101 

1.00 

1.32 

1.46 

0.84 

0.62 

0.44 

0.34 

0.30 

Iti/R  1 

1  cr  1 

0.248 

0.110 

0.052 

0.034 

0.020 

0.013 

0.010 
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TRANSVERSE  TENSILE  STRENGTH  RATIO 
Ef/Em  =  5  Vf  =  .65 


ti/F?=ClO 

ti/R=01 

ti’/R-jce 

f/R=JD3 

ti/F!=i04. 

ti/R-jC6 

f/R=j06 

t!/R-£»7 


Ern/EI 
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TRANSVERSE  TENSILE  STRENGTH  RATIO 
Ef/Em  =  5  Vf  =  ,65 


-  tjVR=ao 

H - 1 - 1-  ti/R=joe 

* - . 9^  t;/R-09 


Em/Ei 
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TRANSVERSE  TENSILE  STRENGTH  RATIO 
Ef/Em  =  10  Vf  =  .65 


t;/R=Q0 

ti/R=.01 

ti/R=£)2 

tl/R=j03 

ti/R=.04 


*. - ^ - ^  f/R-IIS 


. - . . -  ti/R=j06 


-  ti/R=X)7 


Em/Ei 
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TRANSVEFSE  TENSILE 
Ef/Em  =  10 


STRENGTH  RATIO 
Vf  =  ,65 


-  ti/R=ao 

H - 1 - h  ti/R=J0e 

* - . *♦:  tiVR-j09 


Em/Ei 
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TRANSVERSE  TENSILE  STRENGTH  RATIO 
Ef/Em  =  20  Vf  =  .65 


-  ti/R=ao 

H - 1 - 1-  ti/R=l3e 

* - . *  ti/R=jD9 


Em/Ei 
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TRANSVERSE  TENSILE  STRENGTH  RATIO 
Ef/Em  =  25  Vf  =  .65 


H - 1 - 1- 

♦ . ♦ . !¥ 

Q--e—-o 

H - 1 - h 

*■ - - -H: 


ti/R=0.0 

ti7R-X)1 

tyR=j02 

ti/R=j03 

t7R=IH 

ti7R=j05 


. . - . -  ti/R=I36 


Em/Ei 
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TRANSVE3?SE  TENSILE  STRENGTH  RATIO 
Ef/Em  =  25  Vf  =  .65 


-  f/R=Q0 

H - i - h  ti/R-JDB 

* . * . ti/R=£)9 


Em/EI 
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TRANSVERSE  TENSILE  STRENGTH  RATIO 
Ef/Em  =  30  Vf  =  .65 


-  ti/R=ao 

^ - 1 - ^  t7R=.01 

* . -■*- . *  ti/R=X)2 

O' — 0- — O  t;/R=j03 

H - 1 - h  ti/R=XH 

*■ — ^ ^  ti/R=.05 


1.0 


25W 


50IX) 


75.00  icnoo 


Em/Ei 
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TRANSVERSE  TENSILE  STRENGTH  RATIO 
Ef/Em  =  30  Vf  =  .65 


-  ti/R=ao 

H - 1- - 1-  ti/R-XB 

♦ . * . *  ti/R=.09 


Em/Ei 
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-  ti/R=Q0 

H - i - (-  ti/R=j01 

*• — *- — X:  ti/R=IJ2 

Q - 0. - Q  t|/R=J33 

H - 1 - 1-  ti/R-j04 

*- - -Xe - -X:  ti/R=I£ 

. . . .  tj7R=j06 


TRANSVERSE  TENSILE  STRENGTH  RATIO 
Ef/Em  =  50  Vf  =  .65 


Em/Ei 
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TRANSVERSE  TENSILE  STRENGTH  RATIO 
Ef/Em  =  50  Vf  =  .65 


-  ti/R=Q0 

H - 1- — I-  ti/R=^» 

— *  t;/R=i)9 


Em/EI 
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TRANSVERSE  TENSILE  STRENGTH  RATIO 
Ef/Em  =  100  Vf  =  .65 


-  ti/R=QO 

H - h - 1-  ti/R=j01 

. ti/R=X)2 

O — €>-•— O  ti7R=X)3 

H - 1 - h  ti/R=.04 

*■ — -*• — ■*  ti/R=.05 


Em/Ei 
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TRANSVERSE  TENSILE  STRENGTH  RATIO 
Ef/Em  =  100  Vf  =  .65 


-  ti/R=Q0 

i - 1 - 1-  ti/R=jOB 

*■■■■—■* - *  ti/R=J09 


Em/Ei 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  - 

ratio  of  transverse  tensile  strength  with  interphase 


to  transverse 

tensile 

strength  without  interphase 

Ef 

/  Em  =  5 

0 

Vf  = 

0.65 

max 

ti/R  =  0. 

099 

TRANSVERSE  TENSILE 

STRENGTH 

RATIO 

I  I 

ti 

/  R 

lEm/Ei I 

0.00 

0.01 

0.02 

0.03 

0.04 

0.05 

0.06 

0.07 

I  l.OI 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

I  3. II 

1.00 

1.01 

1.02 

1.03 

1.03 

1.04 

1.05 

1.05 

I  5.0] 

1.00 

1.01 

1.03 

1.04 

1.05 

1.06 

1.07 

1.07 

I  5.0I 

1.00 

1.01 

1.03 

1.04 

1.05 

1.06 

1.07 

1.07 

I  6.3I 

1.00 

1.02 

1.03 

1.05 

1.06 

1.07 

1.08 

1.09 

I  9.0I 

1.00 

1.02 

1.05 

1.07 

1.08 

1.09 

1.11 

1.11 

I  9.9I 

1.00 

1.03 

1.05 

1.07 

1.09 

1.10 

1.11 

1.12 

I  10. 0I 

1.00 

1.03 

1.05 

1.07 

1.09 

1.10 

1.11 

1.12 

1  11.0] 

1.00 

1.03 

1.06 

1.08 

1.09 

1.11 

1.12 

1.13 

1  12.41 

1.00 

1.03 

1.06 

1.08 

1.10 

1.12 

1.13 

1.14 

1  14.31 

1.00 

1.04 

1.07 

1.09 

1.11 

1.13 

1.15 

1.03 

1  11.01 

1.00 

1.04 

1.08 

1.11 

1.13 

1.15 

1.02 

0.91 

1  20.01 

1.00 

1.05 

1.09 

1.12 

1.15 

1.03 

0.90 

0.81 

1  21.01 

1.00 

1.05 

1.09 

1.13 

1.15 

0.99 

0.87 

0.78 

1  21. 1\ 

1.00 

1.07 

1.12 

1.15 

0.95 

0.81 

0.71 

0.63 

1  30.01 

1.00 

1.07 

1.12 

1.09 

0.90 

0.77 

0.67 

0.59 

1  41.01 

1.00 

1.09 

1.15 

0.88 

0.72 

0.61 

0.53 

0.47 

i  50.01 

1.00 

1.11 

1.01 

0.77 

0.62 

0.53 

0.46 

0.41 

1  75.01 

1.00 

1.14 

0.77 

0.57 

0.47 

0.40 

0.34 

0.30 

1  81.01 

1 . 00 

1.15 

0.73 

0.54 

0.44 

0.37 

0.33 

0.29 

1100.01 

1.00 

1.00 

0.63 

0.47 

0.38 

0.33 

0.28 

0.25 

lEm/Ei 1 

1  or  1 

81.00 

41.00 

27.67 

21.00 

17.00 

14.33 

12.43 

lEm/Ei 1 

I  1 

0.08 

0.09 

1 

1  1.01 

1.00 

1.00 

1  3.7| 

1.06 

1.06 

1  5.01 

1.08 

1.08 

1  5.01 

1.08 

1.08 

1  6.31 

1.10 

1.10 

1  9.01 

1.12 

1.13 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  ■= 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  >= 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  •= 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  ■= 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  >= 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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1.07 

1.13 
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1.43 

1.46 

I0.013I 

1.00 

1.09 

1.16 

1.26 

1.32 

1.41 

1.49 

1.20 

I0.020I 

1.00 

1.12 

1.21 

1.32 

1.39 

1.49 

1.10 

0.88 

10.020I 

1.00 

1.12 

1.21 

1.32 

1.39 

1.47 

1.08 

0.87 
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1.00 

1.17 

1.27 

1.39 

1.47 

1.09 

0.80 

0.64 

I0.033I 

1.00 

1.18 

1.29 

1.41 

1.49 

1.00 

0.74 

0.60 
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1.00 

1.20 

1.32 

1.44 

1.29 

0.87 

0.64 

0.52 
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1.00 

1.23 

1.35 

1.48 

1.09 

0.73 

0.54 

0.44 
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1.00 

1.23 

1.35 

1.48 

1.07 

0.72 

0.53 

0.43 

10.0601 

1.00 

1.26 

1.38 

1.30 

0.94 

0.63 

0.47 

0.38 

10.0701 

1.00 

1.28 

1.40 

1.15 

0.83 

0.55 

0.41 

0.34 

10.0801 

1.00 

1.30 

1.42 

1.03 

0.74 

0.50 

0.37 

0.30 

10.0901 

1.00 

1.31 

1.44 

0.94 

0.67 

0.45 

0.33 

0.27 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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0.94 
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1.00 

1.08 

1.15 

1.25 

1.31 

1.40 

1.48 
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1.08 

1.15 

1.25 
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1.19 

1.29 

1.36 

1.46 
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10.0201 
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1.44 

1.55 

1.13 
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1.25 

1.36 

1.44 

1.55 

1.13 

0.91 
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1 . 00 

1.19 
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1.44 

1.52 

1.14 
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1.21 

1.33 
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1.04 

0.76 

0.62 

10.0401 

1.00 

1.23 

1.36 
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0.67 
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1.00 

1.26 

1.40 

1.53 

1.14 

0.76 

0.56 

0.46 

10.0521 

1.00 

1.27 

1.40 

1.54 

1.11 

0.74 

0.55 

0.45 

10.0601 

1.00 

1.29 

1.43 

1.37 

0.98 

0.66 

0.49 

0.40 

10.0701 

1.00 

1.32 

1.45 

1.21 

0.87 

0.58 

0.43 

0.35 

10.0801 

1.00 

1.34 

1.47 

1.08 

0.77 

0.52 

0.38 

0.32 

10.0901 

1.00 

1.36 

1.49 

0.98 

0.70 

0.47 

0.35 

0.29 

Iti/R  1 

1  cr  1 

0.245 

0.109 
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0.034 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  - 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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,  0 
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0.98 
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1.44 

1.53 
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1.00 

1.09 

1.17 

1.28 

1.35 

1.44 

1.53 

1.59 
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1.00 

1.12 

1.21 

1.33 

1.40 

1.51 

1.60 

1.28 

10.0201 

1.00 

1.16 

1.27 

1.40 

1.48 

1.60 

1.18 

0.95 

i0.020| 

1.00 

1.16 

1.28 

1.40 

1.49 

1.60 

1.17 

0.94 

i0.030| 

1.00 

1.21 

1.34 

1.48 

1.57 

1.18 

0.86 

0.70 

10.0341 

1.00 

1.23 

1.37 

1.51 

1.60 

1.07 

0.78 

0.63 

10.0401 

1.00 

1.26 

1.39 

1.54 

1.41 

0.94 

0.69 

0.56 

10.0501 

1.00 

1.29 

1.44 

1.58 

1.18 

0.79 

0.58 

0.48 

10.0521 

1.00 

1.30 

1.44 

1.59 

1.15 

0.76 

0.56 

0.46 

10.0601 

1.00 

1.32 

1.47 

1.42 

1.02 

0.68 

0.50 

0.41 
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1.00 

1.35 

1.50 

1.26  ^ 
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0.45 
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1.00 

1.37 

1.52 

1.12 
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1.00 

1.39 

1.54 

1.02 

0.73 
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transverse  tensile  strength  ratio 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  - 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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RATIO 
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i  1 

0.00 

0.01 

0.02 
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1.00 

1.00 

1.00 

1.00 

1.00 
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1.00 

1.01 

1.02 

1.03 

1.04 
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1.00 

1.02 
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1.09 
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1.13 
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1.00 

1.05 

1.09 

1.11 

1.13 

1.14 
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1.00 

1.06 

1.10 

1.12 

1.14 

1.01 

1  21.01 

1.00 

1.06 

1.10 

1.13 

1.14 

0.97 

1  27.71 

1.00 

1.08 

1.12 

1.15 

0.93 

0.79 

1  30.01 

1.00 

1.08 

1.12 

1.08 

0.88 

0.74 

1  41.01 

1.00 

1.10 

1.15 

0.86 

0.69 

0.57 

1  50.01 

1.00 

1.11 

1.00 

0.74 

0.59 

0.49 

1  75.01 

1.00 

1.14 

0.74 

0.54 

0.42 

0.35 

1  81.01 

1.00 

1.15 

0.69 
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0.40 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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1.05 
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1.16 
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1.05 

1.09 

1.13 

1.15 

1.18 
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1.00 

1.09 
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1.25 
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1.09 
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1.19 

1.22 

1.25 
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1.23 

1.26 

1.28 
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1.13 

1.20 
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1.28 

1.30 
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1.15 

1.22 

1.27 

1.30 

1.32 

1  20.01 

1.00 

1.15 

1.23 

1.27 

1.30 

1.27 

1  23.51 

1.00 

1.17 

1.25 

1.29 

1.32 

1.11 

1  30.01 

1.00 

1.19 

1.27 

1.32 

1.09 

0.91 

1  31.01 

1.00 

1.20 

1.28 

1.33 

1.06 

0.88 

1  46.01 

1.00 

1.24 

1.33 

0.97 

0.76 

0.63 
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1.00 

1.25 

1.24 

0.90 

0.71 

0.59 

1  75.01 

1.00 

1.30 
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0.51 
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1.00 

1.32 

0.77 
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1100.01 

1.00 

1.23 

0.72 

0.51 

0.40 

0.33 

IEm/Ei 1 

1  cr! 

91.00 

46.00 

31.00 

23.50 

19.00 

C-163 


N  AWCADWAR-9301 6-60 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  - 

ratio  of  transverse  tensile  strength  with  interphase 


to  transverse  tensile  strength  without  interphase 

Ef  /  Em  =  20.0  Vf  =  0.70  max  ti/R  =  0.059 

TRANSVERSE  TENSILE  STRENGTH  RATIO 

i  I 

lEm/Ei I 

I  I 

0.00 

0.01 

0.02 

ti 

0.03 

/  R 

0.04 

0.05 

I  1.0 1 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1  4.21 

1.00 

1.07 

1.13 

1.17 

1.21 

1.24 

1  5.01 

1.00 

1.09 

1.15 

1.20 

1.24 

1.27 

1  5.81 

1.00 

1.10 
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1.13 
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1.27 

1.31 

1.34 
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1.00 
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1.32 
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1.40 

1  10.51 
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1.40 

1  11.61 
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1.28 
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1.40 
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1.38 

1.42 

1.46 
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1.23 

1.34 

1.40 

1.45 

1.48 

1  20.01 

1.00 

1.26 

1.37 

1.43 

1.47 

1.50 

1  20.01 

1.00 

1.26 

1.37 

1.43 

1.47 

1.50 
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1.29 

1.40 

1.47 

1.51 

1.25 

1  30.01 
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1.32 

1.43 

1.50 

1.28 

1.06 
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1.19 

0.99 
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1.40 
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1.09 
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1.00 

1.40 
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0.63 

0.69 

1  75.01 
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1.47 
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0.59 

0.49 
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1.51 

0.87 
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0.40 
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1.00 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  - 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 
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1.00 

1.53 

0.87 

0.62 

0.49 

0.40 

iEra/Ei 1 

1  cr  1 

97.00 

49.00 

33.00 

25.00 

20.20 
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tratout  Fri  Dec  18  13:08:33  1992  1 

RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  •= 

ratio  of  transverse  tensile  strength  with  interphase 


to  transverse  tensile  strength  without  interphase 

Ef  /  Em  =  30.0  Vf  =  0.70  max  ti/R  ■=  0.059 

TRANSVERSE  TENSILE  STRENGTH  RATIO 

1  1 

lEm/Eil 

1  1 

0.00 

0.01 

0.02 

ti 

0.03 

/  R 

0.04 

0.05 

I  1.01 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1  4.21 

1.00 

1.09 

1.16 

1.22 

1.26 

1.30 

1  5.01 

1.00 

1.11 

1.19 

1.25 

1.30 

1.34 

1  5.8| 

1 . 00 

1.13 

1.22 

1.28 

1.33 

1.37 

1  7. 4  i 

1.00 

1.16 

1.26 

1.33 

1.38 

1.42 

1  10.01 

1.00 

1.20 

1.31 

1.39 

1.44 

1.48 

1  10.71 

1.00 

1.21 

1.33 

1.40 

1.45 

1.49 

1  11.71 

1.00 

1.23 

1.34 

1.42 

1.47 

1.51 

1  13.11 

1.00 

1.25 

1.37 

1.44 

1.49 

1.52 

1  14.81 

1.00 

1.27 

1.39 

1.46 

1.51 

1.55 

1  17.11 

1.00 

1.29 

1.42 

1.49 

1.54 

1.57 

1  20.01 

1.00 

1.32 

1.44 

1.52 

1.56 

1.60 

1  20.31 

1.00 

1.32 

1.45 

1.52 

1.57 

1.60 

1  25.21 

1.00 

1.36 

1.49 

1.56 

1.60 

1.33 

1  30.01 

1.00 

1.39 

1.52 

1.59 

1.38 

1.14 

1  33.21 

1.00 

1.41 

1.54 

1.61 

1.27 

1.05 

1  49.31 

1.00 

1.48 

1.61 

1.15 

0.90 

0.74 

1  50.01 

1.00 

1.48 

1.59 

1.14 

0.89 

0.74 

1  75.01 

1.00 

1.56 

1.14 

0.81 

0.63 

0.52 

1  97.71 

1.00 

1.60 

0.92 

0.65 

0.51 

0.42 

1100.01 

1.00 

1.57 

0.90 

0.64 

0.50 

0.41 

1 Em/Ei 1 

1  cr  i 

97.67 

49.33 

33.22 

25.17 

20.33 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 


to  transverse  tensile  strength  without  interphase 

Ef  /  Em  =  50.0  Vf  =  0.70  max  ti/R  =  0.059 

TRANSVERSE  TENSILE  STRENGTH  RATIO 

1  1 

lEm/Ei 1 

1  1 

0.00 

0.01 

0.02 

ti 

0.03 

/  R 

0.04 

0.05 

1  1.01 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1  4.31 

1.00 

1.12 

1.20 

1.27 

1.32 

1.36 

1  5.01 

1.00 

1.14 

1.23 

1.30 

1.36 

1.40 

1  5.91 

1.00 

1.16 

1.27 

1.34 

1.40 

1.44 

1  7.51 

1.00 

1.20' 

1.32 

1.40 

1.46 

1.50 

1  10.01 

1.00 

1.25 

1.38 

1.46 

1.52 

1.56 

1  10.81 

1.00 

1.26 

1.39 

1.48 

1.54 

1.58 

1  11.91 

1.00 

1.28 

1.42 

1.50 

1.56 

1.60 

1  13.31 

1.00 

1.30 

1.44 

1.52 

1.58 

1.62 

1  15.01 

1.00 

1.33 

1.47 

1.55 

1.60 

1.64 

1  17.31 

1.00 

1.35 

1.50 

1.58 

1.63 

1.67 

1  20.01 

1.00 

1.38 

1.53 

1.61 

1.66 

1.70 

1  20.61 

1.00 

1.39 

1.53 

1.61 

1.67 

1.70 

1  25.51 

1.00 

1.43 

1.58 

1.66 

1.71 

1.41 

1  30.01 

1.00 

1.47 

1.61 

1.69 

1.49 

1.23 

1  33.71 

1.00 

1.49 

1.63 

1.71 

1.35 

1.11 

1  50.01 

1.00 

1.57  - 

1.71 

1.22 

0.96 

0.79 

1  50.01 

1.00 

1.57 

1.71 

1.22 

0.96 

0.79 

1  75.01 

1.00 

1.65 

1.22 

0.87 

0.68 

0.56 

1  99.01 

1.00 

1.71 

0.97 

0.69 

0.54 

0.44 

1100. Oi 

1.00 

1.69 

0.96 

0.68 

0.54 

0.44 

lEm/Ei 1 

1  cr  1 

99.00 

50.00 

33.67 

25.50 

20.60 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  “ 

ratio  of  transverse  tensile  strength  with  interphase 


to  transverse  tensile  strength  without  interphase 

Ef  /  Em  =100.0  Vf  -  0.70  max  ti/R  =  0.059 

TRANSVERSE  TENSILE  STRENGTH  RATIO 

1  1 

iEm/Ei 1 

1  1 

0.00 

0.01 

0.02 

ti 

0.03 

/  R 

0.04 

0.05 

1  1.01 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1  4.31 

1.00 

1.14 

1.24 

1.32 

1.38 

1 .  43 

1  5.01 

1.00 

1.16 

1.28 

1.36 

1.42 

1.47 

1  5.91 

1.00 

1.19 

1.32 

1.40 

1.47 

1.52 

1  7.  G| 

1.00 

1.24  ■ 

1.37 

1.46 

1.53 

1.58 

1  10.01 

1.00 

1.29 

1.44 

1.53 

1.60 

1.65 

1  10.91 

1.00 

1.31 

1.46 

1.55 

1.62 

1.66 

1  12.01 

1.00 

1.33 

1.49 

1.58 

1.64 

1.69 

1  13.41 

1.00 

1.36 

1.51 

1.60 

1.67 

1.71 

1  15.11 

1.00 

1.38 

1.54 

1.63 

1.69 

1.74 

1  17.51 

1.00 

1 .  42 

1.58 

1.67 

1.72 

1.77 

1  20.01 

1.00 

1.45 

1.61 

1.69 

1.75 

1.79 

1  20.81 

1.00 

1.46 

1.62 

1.70 

1.76 

1.80 

1  25.81 

1.00 

1.50 

1.66 

1.75 

1.81 

1.49 

1  30.01 

1.00 

1.54 

1.70 

1.78 

1.58 

1.31 

1  34.01 

1.00 

1.57 

1.72 

1.81 

1.42 

1.17 

1  50.01 

1.00 

1.65 

1.81 

1.30 

1.02 

0.84 

1  50.51 

1.00 

1.66 

1.81 

1.29 

1.01 

0.83 

1  75.01 

1.00 

1.74 

1.30 

0.92 

0.72 

0.59 

1100.01 

1.00 

1.81 

1.02 

0.73 

0.57 

0.47 

1100.01 

1.00 

1.81 

1.02 

0.73 

0.57 

0.47 

IEm/Ei 1 

1  cr  1 

100.00 

50.50 

34.00 

25.75 

20.80 
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TRANSVERSE  TENSILE  STRENGTH  RATO 
Ef/Em  =  5  Vf  =  .7 
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TRANSVERSE  TENSILE  STRENGTH  RATO 
Ef/Em  =  10  Vf  =  .7 
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TRANSVERSE  TENSILE  STRENGTH  RATIO 
Ef/Em  =  25  Vf  =  .7 
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TRANSVERSE  TENSlf  STRENGTH  RATIO 
Ef/Em  =  50  Vf  =  .7 
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TRANSVERSE  TENSILf  STRENGTH  RATIO 
Ef/Em  =  100  Vf  =  .7 
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tratout  Fri  Dec  18  15:42:05  1992  1 

RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 

Ef  /  Em  »  5.0  V£  =  0.70  max  ti/R  =  0.059 


TRANSVERSE  TENSILE  STRENGTH  RATIO 


II  Em  /  Ei  I 

Iti/R  I  1.0  5.0  10.0  20.0  30.0  50.0  75.0  100.0  | 


10.0001  1.00  1.00  1.00  0.99  0.99  0.98  0.97  0.96 
10.0081  1.00  1.01  1.03  1.05  1.07  1.10  1.12  l!l4 
10.0101  1.00  1.02  1.03  1.06  1.08  1.11  1.14  0.99 
10.0111  1.00  1.02  1.04  1.06  1.08  1.12  1.15  0.93 
10.0161  1.00  1.03.  1.05  1.09  1.11  1.15  0.86  0.69 
10.0201  1.00  1.03  1.06  1.10  1.12  1.00  0.74  0.59 
10.0281  1.00  1.04  1.08  1.12  1.15  0.79  0.57  0.46 
10.0301  1.00  1.04  1.08  1.12  1.08  0.74  0.54  0.43 
10.0401  1.00  1.06  1.09  1.14  0.88  0.59  0.42  0.34 
10.0421  1.00  1.06  1.10  1.14  0.84  0.56  0.41  0.32 
10.0501  1.00  1.07  1.11  1.01  0.74  0.49  0.35  0.28 


Iti/R  I  I 

I  cr  I  0.200  0.089  0.042  0.028  0.016  0.011  0.008  I 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  >= 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 


Ef  /  Em  =  10.0 

Vf  -  O.IO 

max  ti/R  =  0.059 

TRANSVERSE  TENSILE 

STRENGTH  RATIO 

1  1 
Iti/R  1 

1.0 

5.0 

10.0 

Em 

20.0 

/  Ei 

30.0 

50.0 

75.0 

100.0 

10.0001 

1.00 

1.00 

0.99 

0.99 

0.98 

0.97 

0.95 

0.94 

10.0091 

1.00 

1.04 

1.08 

1.14 

1.18 

1.24 

1.29 

1.32 

10.0101 

1.00 

1.05 

1.09 

1.15 

1.19 

1.25 

1.30 

1.23 

10.0121 

1.00 

1.06 

1.11 

1.17 

1.22 

1.28 

1.33 

1.06 

10.0181 

1.00 

1.08 

1.14 

1.22 

1.26 

1.33 

0.97 

0.77 

10.0201 

1.00 

1.09 

1.15 

1.23 

1.27 

1.24 

0.90 

0.72 

10.0301 

1.00 

1.12 

1.19 

1.27 

1.32 

0.90 

0.65 

0.51 

10.0311 

1.00 

1.12 

1.20 

1.28 

1.33 

0.88 

0.63 

0.50 

10.0401 

1.00 

1.14 

1.22 

1.30 

1.09 

0.71 

0.51 

0.40 

10.0471 

1.00 

1.16 

1.24 

1.32 

0.95 

0.62 

0.44 

0.35 

10.0501 

1.00 

1.16 

1.25 

1.27 

0.91 

0.59 

0.42 

0.33 

Iti/R  1 

1  cr  1 

0.225 

0.100 

0.047 

0.031 

0.018 

0.012 

0.009 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 


TRANSVERSE  TENSILE  STRENGTH  RATIO  - 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 


Ef 

/  Era  =  20, 

.0 

Vf  •=  0, 

TRANSVERSE 

.70 

TENSILE 

max 

STRENGTH 

ti/R  -=  0. 

RATIO 

059 

I  I 

Iti/R  I 

1.0 

5.0 

10.0 

Em 

20.0 

/  Ei 
30.0 

50.0 

75.0 

100.0 

lO.OOOl 

1.00 

1.00 

0.99 

0.98 

0.98 

0.96 

0.94 

0.92 

lO.OlOl 

1.00 

1.08 

1.16 

1.25 

1.31 

1.39 

1.46 

1.51 

lO.OlOl 

1.00 

1.09 

1.16 

1.26 

1.32 

1.40 

1.47 

1.46 

i0.013l 

1.00 

1.11 

1.19 

1.30 

1.36 

1.44 

1.51 

1.20 

iO.0191 

1.00 

1.15 

1.25 

1.36 

1.43 

1.51 

1.09 

0.86 

i0.020| 

1.00 

1.15 

1.26 

1.37 

1.43 

1.48 

1.06 

0.84 

10.0301 

1.00 

1.20 

1.32 

1.43 

1.50 

1.06 

0.76 

0.60 

10.0331 

1.00 

1.21 

1.33 

1.44 

1.51 

0.99 

0.70 

0.55 

10.0401 

1.00 

1.24 

1.36 

1.47 

1.28 

0.83 

0.59 

0.47 

10.0501 

1.00 

1.27 

1.40 

1.50 

1.06 

0.69 

0.49 

0.38 

10.0501 

1.00 

1.27 

1.40 

1.50 

1.06 

0.69 

0.49 

0.38 

Iti/R  i 

I  cr  1 

0.237 

0.106 

0.050 

0.033 

0.019 

0.013 

0.010 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  - 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 


Ef  /  Em  •=  25.0 

Vf  -  0.70 

max  ti/R  ■=  0.059 

TRANSVERSE  TENSILE 

STRENGTH  PATIO 

I  I 

Iti/R  I 

1.0 

5.0 

10.0 

Em 

20.0 

/  Ei 

30.0 

50.0 

75.0 

100.0 

lO.OOOl 

1.00 

1.00 

0.99 

0.98 

0.97 

0.96 

0.94 

0.92 

lO.OlOl 

1.00 

1.10 

1.18 

1.29 

1.36 

1.44 

1.51 

1.56 

lO.OlOl 

1.00 

1.10 

1.18 

1.29 

1.36 

1.45 

1.52 

1.53 

I0.013I 

1.00 

1.12 

1.22 

1.34 

1.41 

1.49 

1.57 

1.24 

I0.020I 

1.00 

1.17 

1.29 

1.41 

1.48 

1.57 

1.12 

0.89 

I0.020I 

1.00 

1.17 

1.29 

1.41 

1.48 

1.54 

1.11 

0.87 

I0.030I 

1.00 

1.23 

1.36 

1.48 

1.55 

1.11 

0.79 

0.62 

I0.033I 

1.00 

1.24 

1.37 

1.50 

1.56 

1.02 

0.73 

0.57 

I0.040I 

1.00 

1.27 

1.40 

1.52 

1.34 

0.87 

0.62 

0.49 

I0.050I 

1.00 

1.31 

1.44 

1.56 

1.11 

0.71 

0.51 

0.40 

lO.OSlI 

1.00 

1.31 

1.44 

1.56 

1.10 

0.71 

0.50 

0.40 

Iti/R  I 

I  cr  I 

0.240 

0.107 

0.051 

0.033 

0.020 

0.013 

0.010 
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RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  - 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 


Ef 

/  Em  =  30 

0 

Vf  -=  0 

70 

max 

ti/R  -  0. 

059 

TRANSVERSE 

TENSILE 

STRENGTH 

RATIO 

1  1 

Em 

/  Ei 

Iti/R  1 

1.0 

5.0 

10.0 

20.0 

30.0 

50.0 

75.0 

100.0 

10.0001 

1.00 

1.00 

0.99 

0.98 

0.97 

0.95 

0.93 

0.91 

10.0101 

1.00 

1.11 

1.20 

1.31 

1.39 

1.48 

1.55 

1.60 

10.0101 

1.00 

1.11 

1.20 

1.32 

1.39 

1.48 

1.56 

1.57 

10.0131 

1.00 

1.14 

1.24 

1.37 

1.44 

1.53 

1.61 

1.27 

10.0201 

1.00 

1.19 

1.31 

1.44 

1.52 

1.61 

1.15 

0.91 

10.0201 

1.00 

1.19 

1.31 

1.44 

1.52 

1.59 

1.14 

0.90 

10.0301 

1.00 

1.25 

1.39 

1.52 

1.59 

1.14 

0.81 

0.64 

10.0331 

1.00 

1.27 

1.41 

1.53 

1.61 

1.05 

0.74 

0.59 

10.0401 

1.00 

1.30 

1.44 

1.56 

1.38 

0.89 

0.63 

0.50 

10.0501 

1.00 

1.34 

1.48 

1.60 

1.14 

0.74 

0.52 

0.41 

10.0511 

1.00 

1.34 

1.48 

1.60 

1.13 

0.72 

0.51 

0.40 

Iti/R  1 

1  cr  1 

0.242 

0.107 

0.051 

0.033 

0.020 

0.013 

0.010 

C-180 


NAWCADWAR-9301 6-60 


tratout  Fri  Dec  18  15:42:26  1992  1 

RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  = 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 


Ef  /  Em  =  50.0 

Vf  =  0.70 

max  ti/R  =  0.059 

TRANSVERSE  TENSILE 

STRENGTH  RATIO 

1  1 
Iti/R  1 

1.0 

5.0 

10.0 

Em 

20.0 

/  Ei 

30.0 

50.0 

75.0 

100.0 

10.0001 

1.00 

1.00 

0.99 

0.98 

0.97 

0.95 

0.93 

0.90 

10.0101 

1.00 

1.14 

1.25 

1.38 

1.46 

1.57 

1.65 

1.71 

10.0101 

1.00 

1.14 

1.25 

1.38 

1.47 

1.57 

1.65 

1.69 

10.0131 

1.00 

1.17 

1.30 

1.44 

1.52 

1.63 

1.71 

1.35 

10.0201 

1.00 

1.23 

1.38 

1.53 

1.61 

1.71 

1.22 

0.96 

10.0201 

1.00 

1.23' 

1.38 

1.53 

1.61 

1.71 

1.22 

0.96 

10.0301 

1.00 

1.30 

1.46 

1. 61 

1.69 

1.22 

0.87 

0.68 

10.0341 

1.00 

1.33 

1.48 

1.63 

1.71 

1.11 

0.79 

0.62 

10.0401 

1.00 

1.36 

1.52 

1.66 

1.49 

0.96 

0.68 

0.54 

10.0501 

1.00 

1.40 

1.56 

1.70 

1.23 

0.79 

0.56 

0.44 

10.0521 

1.00 

1.41 

1.57 

1.70 

1.20 

0.77 

0.54 

0.43 

Iti/R  1 

!  cr  1 

0.245 

0.109 

0.052 

0.034 

0.020 

0.013 

0.010 

C-181 


N  AWCADWAR-9301 6-60 


tratout  Fri  Dec  18  15:42:31  1992  1 

RESULTS  FOR  ONE  DIMENSIONAL  THEORY  FOR  THE  TRANSVERSE 
TENSILE  STRESS  INCLUDING  THE  EFFECT  OF  THE  INTERPHASE 

TRANSVERSE  TENSILE  STRENGTH  RATIO  ■= 

ratio  of  transverse  tensile  strength  with  interphase 
to  transverse  tensile  strength  without  interphase 

Ef  /  Em  =100.0  Vf  =  0.10  max  ti/R  =  0.059 


TRANSVERSE  TENSILE  STRENGTH  RATIO 


Em  /  Ei 


I ti/R  I 

o 

5.0 

10.0 

20.0 

30.0 

50.0 

lO.OOOi 

1.00 

1.00 

0.99 

0.98 

0.97 

0.94 

I O.OIOI 

1.00 

1.16 

1.29 

1.45 

1.54 

1.65 

lO.OlOl 

1.00 

1.16 

1.29 

1.45 

1.54 

1.65 

I0.013I 

1.00 

1.21 

1.35 

1.51 

1.61 

1.72 

I0.020I 

1.00 

1.28 

1.44 

1.61 

1.70 

1.81 

I0.020I 

1.00 

1.28 

1.44 

1.61 

1.70 

1.81 

I 0.030I 

1.00 

1.36 

1.53 

1.69 

1.78 

1.30 

I0.034I 

1.00 

1.38 

1.56 

1.72 

1.81 

1.17 

I0.040I 

1.00 

1.42 

1.60 

1.75 

1.58 

1.02 

I0.050I 

1.00 

1.47 

1.65 

1.79 

1.31 

0.84 

I0.052I 

1.00 

1.48 

1.65 

1.80 

1.26 

0.81 

I  ti/R  I 

I  cr  I  0.248  0.110  0.052  0.034  0.020 


■75.0  100.0 


0.92 

0.89 

1.74 

1.81 

1.74 

1.81 

1.81 

1.43 

1.30 

1.02 

1.29 

1.01 

0.92 

0.73 

0.83 

0.65 

0.72 

0.57 

0.59 

0.47 

0.57 

0.45 

0.013  0.010 


C-182 


DISESIBOTICM  LIST 


No.  of  Copies 

Office  of  Naval  Technology .  1 

Attn:  W.  King,  Wr-212 

800  N.  Quincy  Street 
Arlingtcai,  VA  22217 

Office  of  Naval  Research .  1 

Attn:  A.  K.  Vasudevan,  Code  1216 
800  N.  Quincy  Street 
Arlington,  VA  22217 

Office  of  Naval  Research .  1 

Attn:  y.  Rajapakse,  Code  1132SM 
800  N.  Quincy  Street 
Arlington,  VA  22217 

Director .  1 

Naval  Research  Laboratory 
Attn:  Dr.  R.  Badaliance 
4555  Overlook  Avenue,  S.W. 

Washingtcm,  D.C.  20375 

Director .  1 

Naval  Research  laboratory 
Attn:  Dr.  I.  Vtolock,  Code  6383 
4555  Overlodc  Avenue,  S.W. 

Washington,  D.C.  20375-5000 

Director .  3^ 

Navcd  Reseeuxh  laboratory 
Attn:  C.  Poranski,  Code  6122 
4555  Overlook  Avenue,  S.W. 

Washington,  D.C.  20375-5000 

Cctntnander .  1 

Naval  Air  Systems  Cotonand 
Attn:  AIR-530 
Washington,  D.C.  20361 

Ccninander . 

Naval  Air  Systems  Conimand 
Attn:  AIR-5302 
Washington,  D.C.  20361 

Ccninander .  1 

Naval  Air  Systems  Ccninand 
Attn:  AIR-53021 
Washington,  D.C.  20361 


1 


DISTREBUnCM  LIST 


DEVELOEMENT 


No.  Of  Ocpies 

Ocrnnander .  3^ 

Naval  Air  Systems  Oonitnand 
Attn:  AIR-53022 
Washington,  D.C.  20361 

Germander .  2. 

Naval  Air  Systems  Cenmand 
Attn:  AIR-53023 
Washingten,  D.C.  20361 


Germander . 

Naval  Air  Systems  Cermand 
Attn:  AIR-5304 
Washington,  D.C.  20361 

Germander . 

Naval  Air  Systems  Cermand 
Attn:  AIR-530T 
Washington,  D.C.  20361 

Germander . 

Naval  Sea  Systems  Cermand 
Attn:  Sea-05R 
Washington,  D.C.  20362-5101 

Germander . 

Naval  Weapons  Center 
Attn:  K.  Bailey,  Code  338 
Qiina  Lake,  CA  93355 

Germander . 

Naval  weapons  Center 

Attn:  J.  E.  Diamond,  Code  338 

China  Lake,  CA  93355 

Cermanding  Officer . 

Naval  Ship  Engineering  Center 
Attn:  NSEC  6101E 
Arlington,  VA  20360 

Germander . 

David  Taylor  Research  Center 
Attn:  R.  Rockwell,  Code  1720-6 
Bethesda,  MD  20084 


2 


DISTRIBUnCN  LEST 


DEVELOTMEMT 


No.  of  Copies 

Ocnimancaer .  ^ 

David  Taylor  Research  Center 
Attn:  A.  Macander,  Code  1720 
Bethesda,  MD  20084 

Ocnmander . 

David  Taylor  Research  Center 
Attn:  E.  T.  Ccfflpojieschi,  Code  2844 
Ann^xjlis,  MD  21402 

Ccranander . 

David  Taylor  Research  Center 
Attn:  R.  Crane,  Code  2802 
Annapolis,  MD  21402 

Ccnimander . 

David  Taylor  Research  Center 
Attn:  H.  Edelstein,  Code  2870 
Ann^lis,  MD  21401 

Ccnimander . 

Naval  Sxorfaoe  We^x>ns  Center 
Attn;  Dr.  J.  M.  Augl 
10901  New  Hanpshire  Avenue 
Silver  Spring,  MD  20903-5000 

Coranander . 

Naval  Surface  Weapons  Center 
Atta;  Dr.  J.  Goff,  R34 
White  Oak  laboratory 
Silver  Spring,  MD  20910 

Naval  Aviation  D^x>t  .  ^ 

Attn:  N.  Amdur,  Code  342/N 
NAS,  Alameda,  CA  94501 

Naval  Aviation  D^xjt  .  ^ 

Attn;  J.  Meyers,  Code  35110 
MCAS,  Oierry  Point,  NC  28533-5030 

Oarmander . 

Navcil  Aviaticai  Depot  . 

Attn:  J.  Fuss,  Code  35430 
MCAS,  Cherry  Point,  NC  28533-5030 


3 


DISTRlBOnOM  LIST 


DEVELOEHEHT 

No.  of  Copies 

Ocninander .  1 

Naval  Aviation  EJ^xyt 

Attn;  J.  Gresham,  Code  35210 

MCAS,  Qierxy  Point,  NC  28533-5030 

Occimander .  1 

Naval  Aviaticai  D^xat 

Attn;  M.  Linn,  Code  340 

NAS,  Jacksonville,  FL  32212-0016 

Ocnnander .  1 

Naval  Aviation  D^xrt: 

Attn;  J.  Deans,  Code  31310,  Bldg.  V88 
NAS,  Norfolk,  VA  23511-5899 

Oonimander .  1 

Navcil  Aviation  D^xst 

Attn;  H.  Jarrett,  Code  32220 

NAS,  Norfolk,  VA  23511-5899 

Octnnander .  1 

Naval  Aviation  D^x>t 

Attn;  H.  Scxnmerfleck,  Code  36030 

NAS,  Norfolk,  VA  23511-5899 

Ccnmanding  Officer .  1 

Naval  Aviation  Dqpot 
Attn;  D.  Perl,  Code  343 

NAS,  North  Island,  San  Diego,  CA  92135-5112 

Oamianding  Officer .  1 

Naval  Aviation  D^xat 

Attn;  M.  Williams,  Code  31327 

NAS,  North  Island,  San  Diego,  CA  92135-5112 

Oommanding  Officer .  1 

Naval  Aviation  D^X3t 
Attn;  D.  Knapp,  Code  342 
NAS,  Pensacola,  FL  32508-5300 

Oonimander .  1 

Ikiited  States  Naval  Academy 
Attn;  Mechanical  Engineering  D^Tt. 

Anne^olis,  MD  21402 


4 


DISXRIBUnON  LIST 


DEVELOIMEHT 


Mo.  of  Copies 

Ocranander .  2. 

U.S.  Naveil  Postgraduate  School 
Attn:  Professor  R.  Ball 
Mcnterey,  CA  93943 

Ocnmander . 

U.S.  Naval  Postgraduate  School 
Attn:  Professor  M.  H.  Bank,  Code  67BP 
Monteri^,  CA  93943 

Ccnnander .  2 

U.S.  Naval  Postgraduate  School 
Attn:  Technical  Library 
Maiterey,  CA  93943 

Ooratnander .  2 

U.S.  Naval  Postgraduate  School 
Attn:  Dr.  E.  Robert  Wood,  Code  67 
Monterey,  CA  93943 

Department  of  the  Air  Force .  2 

Attn;  Dr.  M.  Salkind 
Building  410 
Boilijjg  Air  Force  Base 
Washington,  D.C.  20331 

D^artroent  of  the  Air  Force .  2 

Attn:  Dr.  Spencer  Wu 
APOSFvm 

Boiling  Air  Force  Base 
Washington,  D.C.  20331 

Ooninanding  Officer . . 

Wri^t  Research  and  Development  Center 
Atta;  FIBAC/R.  Holzwarth 

Wri^t  Patterson  Air  Force  Base,  (H  45433-6553 

Ccrananding  Officer .  2 

Wri^t  Research  and  Develc^xnent  Center 
Attn;  FIB/R.  Bader 

Wri^t  Patterson  Air  Force  Base,  CH  45433-6553 


5 


DISTRIBUl'lGN  LIST 


No.  of  Oc^ies 

CcDinanding  Officer .  2 

Wri^t  Researcii  and  Developonent  Center 
Attn:  FIBC/C.  Ramsey 

Wri^t  Patterson  Air  Force  Base,  CM  45433-6553 

Ocnimanding  Officer .  1 

Wri^t  Research  and  Developnent  Center 

Attn:  FIBEC/Dr.  G.  Sendeckyj 

Wti^t  Patterson  Air  Force  Base,  CH  45433-6553 

CXmananding  Officer .  1 

Wti^t  Research  and  Developnent  Center 
Atta:  FIBIVU.  F.  Wolfe 

Wri^t  Patterson  Air  Force  Base,  CH  45433-6553 

Oorananding  Officer .  1 

Wri<^t  Research  and  Developnent  CJenter 
Attn:  FIBA/L.  Kelly 

Wri^t  PatterscMi  Air  Force  Base,  CH  45433-6553 

Oonitnanding  Officsa: .  1 

Wri^t  Research  and  Developnent  Cfenter 
Atto:  MIflVDr.  J.  Whitney 

wri^t  Patterson  Air  Force  Base,  CH  45433-6553 

CJorotnanding  Offic3er .  1 

Wri^t  Research  and  Developnent  Center 
Attn:  MIBE/F.  Fecheck 

Wri^t  Patterson  Air  Force  Base,  CH  45433-6553 

Ocnimanding  Offic3er .  2 

Wri^t  Research  and  Developnent  Center 
Atta:  mSM/Dr.  M.  Kii^t 

Wri^it  Patterson  Air  Force  Base,  CH  45433-6553 

Ocnmanding  Officer .  2. 

Wri^t  Research  and  Developnent  Center 
Attn:  MLB/F.  Cherry 

Wri^t  Patterson  Air  Force  Base,  CH  45433-6553 

Ocninanding  Officer .  2. 

Wri^t  Research  and  Develqpment  C3enter 
Attn:  MLSE/T.  Reinhart 

Wri^t  I^ttersan  Air  Force  Base,  CH  45433-6553 


6 


DISTREBOTIGN  LIST 


DEVELOEMENT 


Mo.  of  Copies 

Ocraiianding  Officer .  1 

Wri^t  Research  and  Development  Center 
Attn:  MLIIN/R.  C.  Tcroashot 

Wri^t  Patterson  Air  Force  Base,  CH  45433-6553 

Oonnanding  Officer . 1 

Warner  Robbins  Air  Logistics  Coramand 
Attn:  T.  F.  Christian,  MMSRD 
Robbins  Air  Force  Base,  GA  30198 

CJcninanding  Officer .  1 

Warner  Robbins  Air  logistics  Ocmmand 
Attn:  W.  Scdiweiriberg 
WE^AIJC/TIEDD,  Bldg.  300 
Robbins  Air  Force  Base,  GA  30198 

Ocrananding  Officer .  2. 

Picatinriy  Arsenal 
PIASTEX: 

Attn:  Librarian,  Code  DREAR-SCM-O,  Bldg.  351N 
Dover,  NJ  07801 

Ocnnanding  Officer .  2. 

U.S.  Anry  Air  Mobility  R&D  Lab 
Attn:  H.  Reddick 
Fort  Eustis,  VA  23604 

CJcnmanding  Officer .  1 

U.S.  Anry  Aviation  i^lied  Technology  Directorate 

Attn:  T.  E.  Condon 

SAVRT/IY-ASR 

Fort  Eustis,  VA  23604-5577 

Occimanding  Officer .  2. 

U.S.  Anry  Aviation  i^lied  Technology  Directorate 

Attn:  Drew  Orlino 

SAVRT/Ty-ATS 

Fort  Eustis,  VA  23604-5577 

Ocrananding  Officer .  2. 

U.S.  Any  Materials  and  Mechanical  Research  Center 
Attn:  D.  Oplinger,  SDCMMIS 
Watertcwn,  MA  02171-0001 

Ocrananding  Officer .  2. 

U.S.  Any  Research  Office 
Durham,  NC  27701 


7 


DISIRIBOTICN  IJ8T 


DEVELOPMENT 


Mb.  of  Oc^ies 

CSanmrandirjg  Officer .  1 

Advcinced  Systems  ResearxSi  and 
Analysis  Offioe-ASRAD 
Attn:  Library,  219-3 
Ames  Research  Center 
Moffett  Field,  CA  94035-1000 

OOTnanding  Officer .  1 

U.S.  Amy  R&T  Laboratory  (AERADOCM) 

Attn:  K.  Abelson 
Building  182 
Dover,  NJ  07801 

Ocnimanding  Officer .  1 

U.S.  Amy  R&T  laboratory  (ARRADOCM) 

Attn:  R.  Bonk 
Building  182 
Dover,  NJ  07801 

Ocmnanding  Officer .  1 

U.S.  Amy  Applied  Technology  lab 
Attn:  G.  McAllister 
USARIL,  (AVRADOCM) 

Fort  Eustis,  VA  23604-5418 

Ocnimanding  Officer . 1 

U.S.  Amy  ^plied  Technology  Lab 
Attn:  J.  Waller 
USARIL,  (AVRADOCM) 

Fort  Eustis,  VA  23604-5418 

NASA  Headquarters .  1 

Attn:  G.  Seidel 
QAST-Oode  m 
Washington,  D.C.  20546 


Administrator . 

National  Aeronautics  and  Space  Administration 
Attn:  Airframes  Branch,  FS  120 
Washingtcn,  D.C.  20546 

Administrator . 

Naticml  Aeronautics  and  Space  Administration 
langley  Research  Center 
Attn:  Dr.  C.  P.  Blankenship,  H/S-188M 
Hairpbcai,  VA  23665-5225 


8 


DISTRIBUnON  LIST 


BEVEIOEMENT 


No.  of  Copies 

Administrator .  1 

National  Aercaiautics  and  Space  Administration 
Langley  Research  Center 
Attn:  Mr.  C.  E.  Harris,  l^S  188E 
Hampton,  VA  23665-5225 

Administrator . .  1 

NaticxTcil  Aeronautics  and  Space  Administraticai 
Langley  Research  Center 
Attn:  Dr.  J.  Starnes,  H/S  190 
Hairpton,  VA  23665-5225 

Administrator .  1 

National  Aeronautics  and  Space  Administration 
Langley  Research  Center 
Attn:  Dr.  M.  Mikulas,  W/S  190 
Hairpton,  VA  23665-5225 

Administrator .  1 

Naticttial  Aeronautics  and  Space  Administration 
Langley  Research  Center 
Attn:  Mr.  W.  T.  Freeman,  I^S  241 
Hampton,  VA  23665-5225 

Administrator .  1 

National  Aercnautics  and  Space  Administration 
Langley  Research  Center 
Attn:  Mr.  J.  W.  Deaton,  IVS  188A 
Hampton,  VA  23665-5225 

Administrator .  1 

National  Aeronautics  and  Space  Administration 
Langl^  Research  Center 
Attn:  Mr.  J.  Davis,  K/S  243/STPO 
Hampton,  VA  23665-5225 

Administrator .  1 

National  Aeronautics  and  Space  Administration 
Langley  Research  Center 
Attn:  Dr.  R.  Price 
Hampton,  VA  23665-5225 

Administrator .  1 

National  Aeronautics  and  Space  Administration 
Langley  Research  Center 
Attn:  Dr.  G.  L.  Roderick 
Hampton,  VA  23665-5225 


9 


DISXRIBUnON  LIST 


DEVELOEMENT 


No.  of  Oc^ies 

Adniinistrator .  2^ 

National  Aeronautics  and  Space  A±ninistrati«i 
George  C.  Marshall  Space  Fli^t  CJenter 
Attn:  R.  Schwin^Tamer,  S&E-ASIN-M 
Huntsville,  AL  35812 

Administrator .  2^ 

National  Aeronautics  and  Space  Administratis . 

George  C.  Marshall  Space  Fli^t  Center 
Attn:  Technical  Library 
Huntsville,  AL  35812 

Administrator .  2. 

National  Aeronautics  and  Space  Administration 

Lewis  Research  Center 

Attn:  Dr.  C.  Chamis,  H/S-49-6 

21000  Broo]qark  Road 

Cleveland,  CH  44153 

Administrator .  2. 

National  Aeronautics  and  Space  Administration 

Lewis  Research  Center 

Attn:  M.  Herdiberg,  IVS  49-6 

21000  Broolqark  Road 

Cleveland,  <M  44153 

Administrator .  2. 

National  Aeronautics  and  Space  Administration 

Lewis  Research  Center 

Attn:  Technical  Library 

21000  Brocdqjark  Road 

Cleveland,  OI  44153 

Administrator .  2 

Defense  Technical  Informatis  Center 
Bldg.  #5,  Cameron  Station 
Alexandria,  VA  22314 

Federal  Aviation  Administration .  2. 

Attn:  Mr.  J.  R.  Soderguist,  AIR-103 
800  Independence  Avenue,  S.W. 

Washingts,  D.C.  20591 

Federal  Aviatis  Administration .  2. 

Attn:  Mr.  L.  N^i,  Code  ACD-210 
Technical  Center 
Atlantic  City,  NJ  08405 


10 


DISISIBlTnQN  LIST 


DEVELOEMEHT 


Federal  Adviation  A±ninistration. . . . 
Attn;  C.  Caiafa,  C3ode  ACr-330 
Technical  Center 
Atlantic  City,  NJ  08405 

AVOO  Specialty  Materials  -  Itextron. . 
Attn:  Mr.  William  F.  Qant 
Specialty  Materieds  Division 
2  Industrial  Avenue 
Lcwell,  MA  01851 

AVCO  Specialty  Materials  -  Itextron. . 
Attn:  J.  Hemshaw 
Specialty  Materieds  Division 
2  Industrial  Avenue 
Lcwell,  MA  01851 

Beech  Aircraft  Corporation . 

Attn:  Mr.  M.  P.  Djuric 
Kellogg  St.  and  Webb  Road 
Wichita,  KS  67201 

Bell  Heliccpter/Itextron  Inc . 

Attn:  Technical  Library 

P.O.  Box  482 

Fort  worth,  TX  76101 

Bell  Ifeliccpter/Textron  Inc . 

Attn:  Mr.  D.  Reisdorfer,  l^S  11 

P.O.  Box  482 

Fort  Worth,  TX  76101 

Bell  Helioc^^er/Textron  Inc . 

Attn:  Mr.  M.  K.  Stevenson,  K^S  12 

P.O.  Box  482 

Fort  Worth,  TX  76101 

Boeing  Ifeliocpter  Ocnpany . 

Boeing  Defense  and  Space  Grot?) 

Attn:  Dr.  C.  K.  Gunther,  Vi/S  P30-30 
P.O.  Box  16858 
Ihiladelphia,  PA  19142-0858 

Boeing  Helicopter  CcBopary . 

Attn:  Technical  Library 
P.O.  Box  16858 
Fhiladelphia,  PA  19142 


DISTIilBOTIOM  LIST 


DEVELORIENT 


No.  of  Copies 

Boeing  Ifelicxjpter  CoBopany .  , 

Attn;  Mr.  D.  Hart  . 

P.O.  Box  16858 
Hiiladelphia,  PA  19142 

Boeing  Helicopter  Company .  , 

Attn:  Mr.  R.  L.  Pinckney  . 

P.O.  Box  16858 
Hiiladelphia,  PA  19142 

Boeing  Heliccpter  Ocnpany .  , 

Attn:  Mr.  C.  Albrecht,  H/s  P32-38 
P.O.  Box  16858 
Hiiladelphia,  PA  19142 

Boeing  Helicopter  Ocnpany .  , 

Attn;  Mr.  Brian  Lake,  H/s  P30-18 
P.O.  Box  16858 
Hiiladelphia,  PA  19142 

Attn;  Technical  Library  ^ 

P.O.  Box  3707 
Seattle,  WA  98124-2207 

Boeing  Ocnpany . . 

Attn;  Mr.  R.  Horton,  lys  3304 

P.O.  Box  3707 

Seattle,  WA  98124-2207 

Boeing  Ocnpany . 

Attn;  Mr.  J.  Quinlivan,  l^S  6N-21 

P.O.  Box  3707 

Seattle,  WA  98124-2207 

Boeing  Military  Aircraft  Ocnpary .  •. 

Attn;  Technical  Library  . 

P.O.  Box  20746 
Wichita,  KS  67277-7730 

Boeing  Military  Aircraft  Ccnpai^ .  , 

Attn:  Mr.  J.  Avery  ^ 

P.O.  Box  20746 
Wichita,  KS  67277-7730 
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DISIRIBUTICN  LIST 


DBVEIOXHENT 


Boeing  Military  Aircraft  Ccmpany. . . . 
Attn:  Mr.  R.  Waner 
P.O.  Box  20746 
Wichita,  KS  67277-7730 

Boeing  Military  Airplane  Ocrapany _ 

Attn:  Mr.  J.  Iiiding,  l^S  K3216 
P.O.  Box  20746 
Wichita,  KS  67277-7730 

Boeing  Military  Airplane  Cjcmpai^. . . . 
Attn:  Mr.  R.  M.  Mayle,  K06-72 
P.O.  Box  20746 
Wichita,  KS  67277-7730 

General  Dynamics/Cjonvair  Division. . . 

Space  Systems  Division 

Attn:  Technical  Library 

P.O.  Box  85990 

San  Diego,  Ch  92138 

General  Eynamics/CJonvair  Division. . . 

Space  Systeans  Divisicai 

Attn:  Craig  Rix,  MZ-23-8443 

P.O.  Box  85990 

San  Diego,  CA  92138 

General  Dynamics/Convair  Division. . . 

Space  Systems  Division 

Attn:  Mr.  D.  R.  Dunbar 

P.O.  Box  85990 

San  Diego,  CA  92138 

General  Dynainics/Port  Worth  Division 

Attn:  Technical  Library 

P.O.  Box  748 

Fort  Worth,  TX  76101 

General  Dynamics/Fort  Worth  Division, 
Attn:  Mr.  T.  Reams,  I^S  6217 
P.O.  Box  748 
Fort  Worth,  TX  76101 

General  D^namics/Fort  Worth  Division. 
Attn:  Mr.  J.  A.  Fant 
P.O.  Box  748-MZ  2884 
Fort  Worth,  TX  76101 


DISTRIBUTiOM  LIST 


DEVELOPMENT 

No.  of  Copies 

General  Dynamics/Fort  Worth  Divisicai .  1 

Attn:  Dr.  G.  Law,  Ocnposite  Structures  Certificaticai 

P.O.  Box  748 

Fort  Worth,  TX  76101 

Genercil  Electric  Oonipany .  1 

Attn:  Technical  Library 
1  Neumann  Way 
Cincinnati,  (XI  45215 

General  Electric  Ocnpany .  1 

Attn:  Mr.  S.  Johnson 
1  Neumann  Way 
Cincinnati,  CXI  45215 

(Seneral  Electric  Ocnpany .  1 

Attn:  Mr.  A.  W.  Kim 
1  Neumann  Way 
Cincinnati,  CXI  45215 

CSeneral  Electric  . .  1 

Attn:  Technical  Library 
P.O.  Box  8555 
Philadelphia,  PA  19101 

(Seneral  Electric  Ocopany .  1 

Attn:  Mr.  A.  (Sarber 
P.O.  Box  8555-^4018 
Philadelphia,  PA  19101 

General  Electric  CJcmpary .  1 

Attn:  Mr.  C.  Zweben 
P.O.  Box  8555^4018 
Philadelphia,  PA  19101 

(Seneral  Electric  CJorpany .  1 

Attn:  Dr.  B.  Rodini 
P.O.  Box  8555-i44018 
Philadelphia,  PA  19101 

CSrumman  Aircraft  Systems .  2 

Attn:  Technical  Library 
South  Oyster  Bay  Road 
Bethpage,  Long  Island,  NY  11714 
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DISTRIBDTIGM  LIST 


DEVEZDEHENT 

No.  of  Ocspies 

Gruintan  Aircraft  Systems .  1 

Attn:  Mr.  R.  Hadoock,  Advanced  Materials 

Scuth  Oyster  Bay  Road 

Bett^age,  Lcaig  Island,  NY  11714 

Grunman  Aircraft  Systene .  1 

Attn:  Mr.  J.  Bruno,  B44-35 
Scxith  Oyster  Bay  Road 
Bett^ge,  Long  Island,  NY  11714 

Grunroan  Aircraft  Systems .  1 

Attn:  Mr.  S.  Dastin 

South  Oyster  Bay  Rocid 

Betlpage,  long  Island,  NY  11714 

Loddieed  AercsTautical  Systems  Company .  1 

Attn:  Techniccd.  Library 
P.O.  Box  551 
Burbank,  CA  91520 

Lockheed  Aeronautical  Systems  company .  1 

Attn;  C.  W.  Schneider 
D/70-03,  B-369,  P/D-6 
P.O.  Box  551 
Burbank,  CA  91520 

Lockheed  Aeronautic  Systems  Company .  1 

Attn:  Mr.  D.  E.  Pettit 
I^e  Canyon  Research  lab 
Burbank,  CA  91520 

Lockheed  Aeronautic  Systems  Compare .  1 

Attn:  Mr.  R.  C.  Young 
I^e  Canyai  Research  Lab 
Burbank,  CA  91520 

Lockheed  Aeronautic  Systems  Company .  1 

Attn:  Mr.  E.  K.  Walker,  Dept.  76-02,  B63,  Pit.  A1 
P.O.  Box  551 
Burbank,  CA  91520 

Lockheed  Aeronautic  Systems  Company .  1 

Attn:  C.  F.  Griffin,  D^Jt.  76-24 
Advanced  Structures  Technology  Dept. 

Burbank,  CA  91520 
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DISTREBOnCII  LIST 


DEVELOXHENT 

No.  of  Copies 

Loddieed-Georgia  . .  1 

Attn:  Techniccil  Library 
86  South  Ocbb  Drive 
Marietta,  GA  30063 

locikheed-Georgia  Ocaipany . 

Attn:  Technical  Information 
Dqpt.  72-34,  Zone  26 
Marietta,  GA  30063 

lockheed-^tLssile  and  Space  ccrpar^ .  1 

Attn:  Technical  Library 
1111  Lockheed  Way 
Sunnyvale,  CA  94088 

lockheed-Missile  and  ^oe  Ocnpany .  1 

Attn:  Mr.  J.  A.  Bailie,  D^jt.  81-12,  B154 
P.O.  Box  504 
1111  locldieed  Way 
Sunnyvale,  CA  94088 

LTV  Aerospace  and  Defense  Ocnpary .  3^ 

Vou^t  Aeroproducts  Division 
Attn:  Technical  Library 
P.O.  Box  655907 
Dallas,  TX  75265-5907 

mv  Aerospace  and  Defense  CJonpany . . . .  1 

Vou^t  Aerc^roducts  Division  . . 

Attn:  Mr.  J.  Pimm,  IVS  194-51 
P.O.  Box  655907 
Dallas,  TX  75265-5907 

mv  Aerospace  and  Defense  Compai^ .  2. 

Vou^t  Missiles  and  Advanced  Programs  Division 
Attn:  C.  Foreman,  Engineering  Project  Manager 
P.O.  Box  655907 
Dallas,  TX  75265-5907 

mv  Aerospace  eind  Defense  Ccnpany .  2 

Vcu^t  Missiles  and  Advanced  Programs  Division 
Attn:  Mr.  R.  Khi^t,  lVS-lH-83 
P.O.  Box  650003 
Dallas,  TX  75265-0003 
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DiSIKEBOnCN  LIST 


DEVELOIMEMr 

No.  of  Copies 

mv  Aircraft  Product  Grot?) .  1 

StrtK±ures  Research  and  Developonent 
Attn:  Mr.  R.  Ely,  Technical  Project  Manager 
P.O.  Box  655907 
Dallas,  TX  75265-5907 

McDonnell-Douglas  Oorporaticai .  1 

Attn:  Technical  Library 

P.O.  Box  516 

St.  Icuis,  MO  63166 

McDcainell-Dougleis  Corporation .  1 

Attn:  ffir.  C.  Pingle,  Dept.  337,  lys  0644324 

P.O.  Box  516 

St.  Louis,  MO  63166 

McDonnell-Douglas  Corporation .  1 

Attn:  Mr.  D.  J.  Dorr,  D^.  390,  !VS  1021310 

P.O.  Box  516 

St.  Louis,  MO  63166 

McDonnell-Douglas  Corporation .  1 

Attn:  Mr.  C.  Saff,  D^.  337,  0341160 

P.O.  Box  516 

St.  Louis,  MO  63166 

McDonnell-Douglas  Corporation .  1 

Attn:  Mr.  T.  Hinkel,  D^.  334,  M/S  0643063 

P.O.  Box  516 

St.  Louis,  MO  63166 

McDonnell-Douglcis  Corporation .  1 

Douglas  Aircraft  Ccnpany 
Attn:  Technical  Library 
Mail  Code  212-10 
Lcxig  Beach,  CA  90846 

McDonnell-Douglas  Corporation .  1 

Dcuglcis  Aircraft  Ccnpany 

Attn:  Mr.  A.  Hawley,  D^.  EIH,  IVS  212-10 

3855  Lakewood  Blvd. 

Long  Beach,  CA  90846 
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DI8TRIBOTIGM  LIST 


DEVEIDIHENT 


McOrainell-Dcuglcis  Oorporaticai . 

Douglas  Aircraft  CJcnpary 

Attn:  Mr.  R.  Petty,  D^it.  1L7,  l^S  35-98 

3855  Lakewood  Blvd. 

Laig  Beach,  Ck  90846 

McDcxinell-Douglas  CorporatiOTi . 

Dcuglcis  Aircraft  Octrpany 

Attn:  Mr.  Clifford  Y.  Kam,  D^.  ELB,  i^s  212-20 
Img  Beach,  CA  9^846 

McDcxmell-Do«^las  Helicopter  Ocnpariy . 

Attn:  TechniceuL  Library 
culver  City,  CA  90230 

McDcxinell-Douglcis  Helicopter  Ocnpany. . . 

Attn:  Mr.  R.  M.  Verette 
Culver  City,  CA  90230 

McDormell-Douglas  Helicopter  CCsn^iany . 

Attn:  Technical  Library 
5000  E.  McDcwell  Road 
Mesa,  AZ  85205 

McDonnell-Douglas  Ifelicopter  Corpany . 

Attn:  Mr.  J.  K.  Sen 
MS  338,  Bldg.  530 
5000  E.  McDcwell  Road 
Mesa,  AZ  85205 

McDonnell-Douglcis  Helicopter  CcnpanY . 

Attn:  Mr.  S.  Guynoi,  l^S  B337 
5000  E.  McDcwell  Road 
Mesa,  AZ  85205 

McDOTmell-Douglas  Astronautics . 

Attn:  Technical  Library 
5301  Bolsa  Avenue 
Huntington  Beach,  CA  92647 

McDonnell-Douglcis  AstrcMTautics . 

Attn:  Mr.  C.  M.  Roe 
5301  Bolsa  Avenue 
Huntington  Beach,  CA  92647 


DISTRIBOnON  LIST 


ECVELOTMEKT 

No.  of  Oc^ies 

Northrop  Aircraft  Corporation .  1 

Attn:  Technical  Library 
One  Northrc^  Avenue 
Hawthorne,  CA  90250 

Northrop  Aircraft  Corporation .  1 

Attn:  Mr.  D.  Soldi 
One  Northrop  Avenue 
Hawthorne,  CA  90250 

Northrop  Aircraft  Corporation .  1 

Attn:  Dr.  M.  Ratwani 
One  Northrop  Avenue 
Hawthorne,  CA  90250 

Northrop  Aircraft  Corporaticai .  1 

Attn:  Mr.  B.  Butler 
One  Northrop  Avenue 
Hawthorne,  CA  90250 

Northrop  Aircraft  Corporation .  1 

Attn;  Mr.  R.  Whitehead,  Structures  Research 
One  Northrop  Avenue 
Hawthorne,  CA  90250 

Rocikwell  Intemational/North  American  Aircraft  Division .  1 

Attn:  Technical  Library 

P.O.  Box  92098 

Los  Angeles,  CA  90009 

Rockwell  Intemational/North  American  Aircraft  Division .  1 

Attn:  Mr.  G.  Stewart,  Advanced  Structures  Engineering 

P.O.  Box  92098 

Los  Angeles,  CA  90009 

Rockwell  International/North  American  Aircraft  Division .  1 

Attn:  Mr.  A.  Scinders 

P.O.  Box  92098 

los  Angeles,  CA  90009 

Rockwell  Intemationcil/North  American  Aircraft  Division .  1 

Attn;  Mr.  W.  O'Brien 

P.O.  Box  92098 

Los  Angeles,  CA  90009 

Rockwell  Intemational/North  American  Aircraft  Division .  1 

Advanced  Technology  Program  Develcpment 

Attn:  Dr.  Lackman 

P.O.  Box  92098 

Los  Angeles,  CA  90009 


IP 


DISTRIBUTION  LIST 


CEVEiniMEWr 

No.  of  Cc^ies 

Rockwell  Intemational/North  Anverican  Aircraft  Operations .  1 

Attn:  Technical  Library 
P.O.  Box  582808 
Tulsa,  OK  74158 

Rockwell  Intemational/North  American  Aircraft  Operations .  1 

Attn:  Mr.  G.  Sherrick,  Engineering  Research  and  Technology 
P.O.  Box  582808 
Tulsa,  OK  74158 

Rockwell  Intemational/North  American  Aircraft  Operations .  1 

Attn:  Mr.  F.  Kaufman 
P.O.  Box  582808 
Tulsa,  OK  74158 

Sikorsky  Aircraft .  1 

Attn:  Technical  Library 
North  Main  Street 
Stratford,  CT  06601-1381 

Sikorsky  Aircraft .  1 

Attn:  Mr.  Samuel  P.  Garbo,  fVS  S314A2 
North  Main  Street 
Stratford,  CT  06601-1381 

Sikorsky  Aircraft .  1 

Attn:  Mr.  T.  Cook 
North  Main  Street 
Stratford,  CT  06601-1381 

Kaman  Aerospace .  1 

Attn:  Mr.  A.  Falcone 
Old  Windsor  Road 
Blocmfield,  CT  06002 

NAVAIRDEVCEN . . 

Tcffo  Hess,  Code  6001 

NAVAIRDEVCEN . . 

Code  6064 

NAVAIRDEVCEN .  2 

Code  8131 

NAVAIRDEVCEN . 25 

Code  6043 
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